
FEB 0 9 199 ENGINEERING DATA TRANSMITTAL Pa e I 4
1.EDT NM 6135

2. To: (Receiving Organization) 3. From: (Originating Organization) 4. ReLated EDT No.:

Distribution Data Assessment and N/A
Interpretation

5. Proj./Prog./Dept./Div.: 6. Cog.- Engr.: 7. Purchase Order No.:

Tank 241-BY-108/Waste John H. Baldwin N/A
Management/DAI/Characteriza-
tion Technical Basis
8. Originator Remarks: 9. Equip./Component No.:

This document is being released into the supporting document N/A
system for retrievability purposes. 10. System/BLdg./Facility:

241-BY-108
11. Receiver Remarks: 12. Major Assm. Dwg. No.:

For release. N/A
13. Permit/Permit Application No.:

N/A
14. Required Response Date:

02/09/96
15. DATA TRANSMITTED (F) (G) (H) (1)
( (C) (D) Approval Reason Origi- Receiv.
em (B) Document/Drawing No. Sheet Rev. E) Title or Description of Data Desig- for nator er

No. No. No. Transmitted nator Trans. Dispo- Dispo-
mittal sition sition

1 WHC-SD-WM-ER-533 N/A 0 Tank Characterization N/A 2 1 1
Report for Single-
Shell Tank 241-BY-108

16. KEY

Approval Designator (F) Reason for Transmittal (G) Disposition (H) & (I)
E, S, Q, D or N/A I. Approval 4. Review 1. Approved 4. Reviewed no/comment
(see WHC-CM-3-5, 2. Release 5. Post-Review 2. Approved w/comment 5. Reviewed w/comment
Sec.12.7) 3. Information 6. Dist. (Receipt Acknow. Required) 3. Disapproved w/comment 6. Receipt acknowledged

(G) (H) 17. SIGNATURE/DISTRIBUTION (G) (-)(See Approval Designator for required signatures)
Re- Disp. (J) Name (K) Signature (L) Date (M) MSIN (J) Name (K) Signature (L Date IM) MSIN Res- Disp.son son

2 1 Cog.Eng. J.H. BaLdwin

2 ( Cog. Mgr. J.G. Krist f ski
QA

Safety

Env.

I | R.J. Cash

18. 19. 20. 21. DDE APPROVAL (if required)
CtrL. No.

A.E. Young N/A J.G. K tofzs i [I Approved
._ _ __Al_ [I Approved w/corments

Signature Date Authorized Representative Date Cognizant Manager Date [I Disapproved w/contents
Originator for Receiving Organization

BD-7400-172-2 (04/94) GEF097

BD-7400-172-1

(C-M)
)



WHC-SD-WM-ER-533, Rev. 0

Tank Characterization Report for Single-Shell Tank
241-BY-108

John H. Baldwin
Westinghouse Hanford Company, Richland, WA 99352
U.S. Department of Energy Contract DE-AC06-87RL10930

EDT-615354
75310
EW 3120074

UC: 2070
Charge Code: N4G4D
Total Pages: 23,/

Key Words: Tank Characterization Report, TCR. Single-Shell. SST. Tank
241-BY-108, Tank BY-108. BY-108. BY Farm

Abstract: N/A

TRADEMARK DISCLAIMER. Reference herein to any specific commercial product, process, or service by
trade name, trademark, manufacturer, or otherwise, does not necessarily constitute or imply its
endorsement, recomendation, or favoring by the United States Government or any agency thereof or
its contractors or subcontractors.

Printed in the United States of America. To obtain copies of this document, contact: WHC/BCS
Document Control Services, P.O. Box 1970, Mailstop H6-08, Richland WA 99352, Phone (509) 372-2420;
Fax (509) 376-4989.

Dae

Approved for Public Release

A-6400-073 (10/95) GEF321

EDT/ECN:.
Org Code:
B&R Code:

Release Vprova

DATE ~ " 5
STA 4- IRZsZz..

FLEB 0921996
Release Stamp



WHC-SD-WM-ER-533
Revision 0

Tank Characterization Report for
Single-Shell Tank 241-BY-108

J. H. Baldwin
R. J. Cash
W. I. Winters
Westinghouse Hanford Company

L. Amato
T. Tran
Los Alamos Technical Associates

Date Published
February 1996

Prepared for the U.S. Department of Energy
Assistant Secretary for Environmental Management

Westinghouse P.O Box 1970@) Hanford Company Richiand, Washington

Management and Operations Contractor for the
U.S. Deportment of Energy under Contract DE-AC06-87RL 10930

Approved for public release; distribution is unlimited



WHC-SD-WM-ER-533 Rev. 0

EXECUTIVE SUMMARY

This tank characterization report summarizes information on the historical uses, current

status, and sampling and analysis results of waste stored in single-shell underground

tank 241-BY-108. This report supports the requirements of the Hanford Federal Facility

Agreement and Consent Order (Ecology et al. 1994), Milestone M-44-09 and the

Ferrocyanide Safety Program, Milestone T22-96-020 (WHC 1995c). As a result of analyses

addressed by this report, the tank does not appear to pose safety concerns based on the

decision limits of the safety screening and ferrocyanide data quality objectives (DQOs)

(Baldwin 1995b).

Tank 241-BY-108 is 1 of 12 single-shell underground waste storage tanks located in the

200 East Area BY Tank Farm on the Hanford Site. It is the second tank in a three-tank

cascade series. The tank went into service in March 1951, receiving first-cycle

decontamination waste from the bismuth phosphate process through the cascade. This waste

type continued to cascade into the tank until the first quarter of 1954. An active process

history followed the initial waste receipts. The tank received ferrocyanide-scavenged

uranium recovery waste, in-tank solidification waste, evaporator bottoms, cladding waste,

organic wash waste, and water. The ferrocyanide-scavenged waste was allowed to settle in

the tank prior to discharging the supernatant to various cribs.

ES-1
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A description and the status of tank 241-BY-108 are summarized in Table ES-i and

Figure ES-1. The tank has an operating capacity of 2,870 kL (758 kgal) and presently

contains 863 kL (228 kgal) of waste. The total amount is composed of 583 kL (154 kgal) of

sludge and 280 kL (74 kgal) of saltcake; no supernatant liquid remains (Hanlon 1996). The

sludge contains 34 kL (9 kgal) of drainable interstitial liquid. Tank 241-BY-108 is on the

Ferrocyanide Watch List and controls for Organic Watch List Tanks.

Table ES-1. Description and Status of Tank 241-BY-108.

Type Single-shell
Constructed 1948-1949
In-service 1951
Diameter 23 m (75 ft)
Maximum operating depth 7 m (23 ft)
Capacity 2,870 kL (758 kgal)
Bottom shape Dish
Ventilation Passive

TANK STATUS
Waste classification Noncomplexed
Total waste volume 863 kL (228 kgal)
Sludge volume 583 kL (154 kgal)
Drainable interstitial liquid 34 kL (9 kgal)
Saltcake volume 280 kL (74 kgal)
Waste surface level (1992 to 1995) 218 cm (86 in.) to 225 cm (88.5 in.)
Temperature (1974 to present) 10 -C (50 *F) to 68 'C (154 'F)
Integrity Assumed leaker
Watch List Ferrocyanide

Rotary mode core sample July 27 to August 16, 1995
4 4 ~,.&v>~'> SERVJCE STATUJS _

Partial isolation December 1982
Interim stabilized February 1985

ES-2
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The characterization of tank 241-BY-108 is based on a core sampling event that took place

from July 27 through August 16, 1995. Historical sampling data for the top 50.8 cm (20 in.)

of waste were obtained from a 1994 auger sampling event. During the 1995 sampling event,

cores 98, 99, and 104 were obtained from tank 241-BY-108 using the rotary core sampling

method. All three cores were extruded at the Westinghouse Hanford Company 222-S

Laboratory. Cores 98 and 104 were analyzed at the 222-S Laboratory in accordance with the

Tank Safety Screening Data Quality Objective (Babad et al. 1995), the Interim Data Quality

Objectives for Waste Pretreatment and Vitrification (Kupfer et al. 1994), the Data

Requirements for the Ferrocyanide Safety Issue Developed through the Data Quality

Objectives Process (Meacham et al. 1994), and the Test Plan for Samples From Hanford

Waste Tanks 241-BY-103, BY-104, BY-105, BY-106, BY-108, BY-110, TY-103, U-105, U-

107, U-108, and U-109 (Meacham 1995). Although not addressed in the sampling and

analysis plan, the analyses required by the Data Quality Objective to Support Resolution of

the Organic Complexan Safety Issue (Turner et al. 1995) were performed as a consequence

of meeting the analytical requirements of the other DQOs and the test plan. Analyses for

cores 98 and 104 included determinations for total alpha activity, metals, cyanide, anions,

total organic carbon, and an organic screen analysis (Baldwin 1995c). In addition, the

energetics and moisture content were determined.

Core 99, obtained from the same riser as core 98, was sent to the Pacific Northwest National

Laboratory for analyses in accordance with the safety screening DQO (Babad et al. 1995)

and the Historical Model Evaluation Data Requirements (Simpson and McCain 1995). These

ES-4



WHC-SD-WM-ER-533 Rev. 0

analyses included determination for specific isotopes, metals, cyanide, anions, total organic

carbon, density, and thermal analyses (Silvers et al. 1995).

Of the samples from all three cores, two quarter segments from segment 5 of core 104 had

mean exothermic reactions (on a dry-weight basis) exceeding the safety screening and

ferrocyanide DQOs limit of 481 J/g (dry weight): quarter segment B (573.0 J/g) and quarter

segment C (528.3 J/g). The computation of a 95 percent confidence interval (required by the

safety screening DQO) indicated the upper limits for these two samples were 702.1 J/g and

657.1 J/g, respectively. Two other samples had one result out of a duplicate pair greater

than the threshold: quarter segment 4B of core 98 and a rerun from the same quarter

segment. For both samples, the average differential scanning calorimetry (DSC) result was

below the limit (473.6 and 445.4 J/g, respectively). However, the upper 95 percent

confidence limits for the results of these two samples were 697.7 J/g and 672.0 J/g,

respectively; both exceed the 481 J/g DQO limit. Although four samples had DSC values

potentially greater than 481 J/g, they also had water contents of at least 35 percent, which

reduces the potential for a propagating reaction. In addition, the observed cyanide

concentrations were well below the ferrocyanide DQO limit. Analytical nickel concentrations

compare favorably with historical estimates (Borsheim and Simpson 1991) and indicate that

ferrocyanide has substantially decomposed. One total organic carbon result from quarter

segment 4B from core 98 did exceed the ferrocyanide and organic DQOs limit of 30,000

pg/g (dry weight), confirming the high DSC result for this quarter segment. The organic

screen revealed that minor amounts of normal paraffin hydrocarbons and tributyl phosphate

were present (Baldwin 1995b). All other total organic carbon results were below the limit.

ES-5
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The heat load in the tank produced by radioactive decay is estimated at 2.83 kW (1995

radionuclide data). This compares favorably with the 2.7 kW estimated from the headspace

temperature (Kummerer 1994). Surveillance data show tank temperatures have varied from

1974 to the present, ranging from 68 *C (154 0F) to 10 0 C (50 *F). However, temperatures

have remained steady around 39.4 'C (103 *F) for the past three years. The heat load and

thermal history indicate that the waste cannot generate radiolytic temperatures high enough to

initiate an exothermic reaction.

Before samples were removed from the tank, combustible gas meter readings from inside the

risers were taken as required by the safety screening DQO (Babad et al. 1995). The greatest

lower flammability limit observed was 5 percent, satisfying the DQO requirement of less

than 25 percent of the lower flammability limit. This measurement was confirmed through

calculations of a lower flammability limit from results of a 1994 vapor sampling event. A

lower flammability limit of 3.0 percent was calculated.

Total alpha activity results for all three cores were well below the safety screening limit of

41 uCi/g; the highest result of the three cores was 0.450 pACi/g indicating the potential for a

criticality event is low.

Any remaining material from the sampling event will be set aside for pretreatment studies as

identified in the pretreatment DQO.

ES-6
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Waste surface levels have remained constant between 218 cm (86 in.) and 225 cm (88.5 in.)

over the past three years.

An historical evaluation was performed on core 99 results as prescribed in the historical

DQO (Simpson and McCain 1995). The fingerprint analytes, identified in the DQO for the

waste type (ferrocyanide waste) predicted to compose the lower layer of the tank waste, were

bismuth, nickel, sodium, "7Cs, "0Sr, and water. Comparisons were made between the

analytical results and the DQO-defined concentration levels for these analytes. Results for all

fingerprint analytes, except for bismuth, met the criterion of 2 10 percent of the

concentration level predicted in the historical DQO.

~ Table ES-2 provides concentration and inventory estimates for the most prevalent analytes

and analytes of concern based on the 1995 analytical results.

ES-7
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Table ES-2. Major Analytes and Analytes of Concern. 1

.W

Aluminum 39,800 29.8 51,700
Chromium 255 34.7 332
iron 7,190 52.8 9,350
Nickel 2,510 41.8 3,260
Sodium 1.63E+05 14.2 2.12E+05
Uranium 9,470 60.0 12,300

Cyanide 362 65.8 471
Fluoride 6,610 26.7 8,590
Nitrate 2.01E+05 18.5 2.61E+05
Nitrite 27,300 13.0 35,500
Oxalate 7,500 11.4 9,750
Phosphate 26,000 24.0 33,800
Sulfate 23,400 27.9 30,400

Radionucdes .... . . 5%
13Cs 258 77.9 3.35E+05
'Sr 143 95.5 1.86E+05
Total Alpha 0.0619 43.3 80.5

Total Inorganic Carbon 5,340 33.9 6,940
Total Organic Carbon 4,480 20.5 5,820

Physical Preperthes _________________ ________

Density 1.51 g/mL ---

Percent Water 27.2 19.3

Notes:
'Baldwin (1995b) and Silvers et al. (1995)

2Overall relative standard deviation of all available results for subsegments and cores as listed in
Appendix A.

ES-8
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1.0 INTRODUCTION

This tank characterization report summarizes the information on the historical uses, current
status, and sampling and analysis results of waste stored in single-shell tank 241-BY-108.
The tank was sampled in 1995 to satisfy the requirements of the following: Tank Safety
Screening Data Quality Objective (Babad et al. 1995), the Data Requirements for the
Ferrocyanide Safety Issue Developed through the Data Quality Objectives Process
(Meacham et al. 1994), the Test Plan for Samples From Hanford Waste Tanks 241-BY-103,
BY-104, BY-105, BY-108, BY-110, TY-103, U-105, U-107, U-108, and U-109
(Meacham 1995), the Historical Model Evaluation Data Requirements (Simpson and
McCain 1995), and the Interim Data Quality Objectives for Waste Pretreatment and
Vitrfifcation (Kupfer et al. 1994). In addition, the analytical requirements of the Data
Quality Objective to Support Resolution of the Organic Complexant Safety Issue (Turner et
al. 1995) were met through the analyses required by the other DQOs and the test plan.
Auger samples from 1994 were used for historical analytical data. This report supports the
requirements of the Hanford Federal Facility Agreement and Consent Order, Milestone
M-44-09 (Ecology et al. 1994) and the Ferrocyanide Safety Program Milestone, T22-96-020
(WHC 1995c).

Tank 241-BY-108 has been removed from service and interim stabilized. Consequently, it is
unlikely that waste removals or additions will occur until pretreatment and retrieval activities
commence. The concentration estimates reported in this document reflect the current
composition of the waste based on available data. Tank 241-BY-108 is on the Ferrocyanide
Watch List. It also has been identified as potentially containing organic complexants (WHC
1995b).

1.1 PURPOSE

This report summarizes information about the use and contents of tank 241-BY-108. When
possible, this information will be used to assess issues associated with safety, operations,
environmental, and process activities.

1.2 SCOPE

Rotary core samples were taken in July and August of 1995. Prior to retrieving these
samples, tank vapors were field tested using a combustible gas meter to determine the lower
flammability limit. In addition, .a full vapor characterization of the tank headspace gases was
performed in 1994. The data from this sampling and analysis event can be found in the
Tank 241-BY-108 Headspace Gas and Vapor Characterization Results for Samples Collected
in March 1994 and October 1994 (Huckaby and Bratzel 1995). Cores 98 and 104 were
analyzed to comply with the requirements of the safety screening, ferrocyanide, and
pretreatment data quality objectives (DQOs) and the safety program test plan. Although the

1-1
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cores were not specifically evaluated to address the organic DQO, the analyses required by
the DQO were performed as a consequence of satisfying the analytical requirements of the
other DQOs and the test plan. Objectives of the sampling event were to determine whether
the ferrocyanide content was sufficiently low to classify the tank as safe (Postma et al. 1994)
and to determine whether the organic content was sufficiently high to warrant being classified
on the Organic Watch List. Another purpose was to gather additional information and
sample for future retrieval and vitrification activities. The primary analyses included
differential scanning calorimetry (DSC) to evaluate fuel level and energetics,
thermogravimetric analysis (TGA) to determine moisture content, total alpha activity analysis
to evaluate criticality potential, ion chromatography (IC) to determine anion concentrations,
inductively coupled plasma/atomic emission spectrometry (ICP/AES) to determine metal
concentrations, direct persulfate to determine the TOC concentration, and gas
chromatography to determine organic concentrations.

Core 99 was taken to test core sampling procedures and was analyzed in an opportunistic
venture according to the safety screening and historical DQOs (Kristofzski 1995). The
primary methods of analyses included DSC, TGA, alpha proportional counting, density, IC,
ICP/AES, and gamma energy analysis.

Two auger samples of the top 50.8 cm (20 in.) of waste were taken in August 1994 to
investigate concerns about a possible floating organic layer coming into contact with the
saltcake because of saltwell pumping. An organic screen was performed, and TOC and
weight percent water contents were measured (Campbell et al. 1995b).

1-2
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2.0 HISTORICAL TANK INFORMATION

This section describes tank 241-BY-108 based on historical information. The first part
details the current condition of the tank. This is followed by discussions of the tank's
background, transfer history, and the process sources that contributed to tank waste,
including an estimate of the current contents based on process history. Events that may be
related to tank safety issues, such as potentially hazardous tank contents or off-normal
operating temperatures, are included. The final part summarizes available surveillance data
for the tank. Solid and liquid level data are used to determine tank integrity (leaks) and to
provide clues to internal activity in the solid layers of the tank. Temperature data are
provided to evaluate the heat generating characteristics of the waste.

2.1 TANK STATUS

As of October 31, 1995, tank 241-BY-108 contained 863 kL (228 kgal) of noncomplexed
waste (Hanlon 1996). The volume of the various waste phases found in the tank are shown
in Table 2-1.

Table 2-1. Summary Tank Contents Status.'

Supernatant liquid 0 0
Drainable interstitial liquid 34 9
Drainable liquid remaining 34 9
Pumpable liquid remaining 0 0
Sludge 583 154
Saltcake 280 74

Note:
'Hanlon (1996)

In 1972, tank 241-BY-108 was declared an assumed leaker with a leak volume of less than
19 kL (5 kgal) and was removed from service. Tank 241-BY-108 was partially isolated in
December 1982 and interim stabilized in February 1985. This passively ventilated tank is on
the Ferrocyanide Watch List. All monitoring systems were in compliance with documented
standards as of October 31, 1995 (Hanlon 1996).

2-1
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2.2 TANK DESIGN AND BACKGROUND

The BY Tank Farm was constructed during 1948 and 1949 in the 200 East Area and contains
12 100-series tanks. These tanks have a 2,870-kL (758-kgal) operating capacity, a 23-m
(75-ft) diameter, and a 7 m (23 ft) operating depth. Tank 241-BY-108 began receiving waste
in March 1951. Built as one of the second generation tank farms, the BY Tank Farm was
designed for nonboiling waste with a maximum fluid temperature of 104 *C (220 OF).

Tank 241-BY-108 is second in the cascade series of three tanks (241-BY-107, -108, and
-109). A 7.6 cm (3 in.) cascade overflow line connects the three tanks. The bottom center
elevation of tank 241-BY-107 is 183.4 m (601.65 ft) cascading to tank 241-BY-108 with a
bottom elevation of 183.1 m (600.65 ft), which cascades to tank 241-BY-109 with a bottom
elevation of 182.8 m (599.65 ft). The cascade overflow height is approximately 6.9 m
(22.6 ft) from the tank bottom and 61 cm (2 ft) below the top of the steel liner.

These tanks have a dished bottom with a 1.2 m (4 ft) radius knuckle. Similar to all other
single-shell tank farms, the tanks in BY Tank Farm are designed with a primary mild steel
liner and a concrete dome with various risers. The riser layout was modified from the first
generation for better access to the tank. The tanks are set on a reinforced concrete
foundation. To simulate tank stress, the tanks were filled with 38 'C (100 *F) water; then a
three-ply asphalt waterproofing was applied over the foundation and steel tank. The
waterproofing was protected with welded wire reinforced gunite. Two coats of primer were
sprayed on all exposed interior tank surfaces. Tank ceiling domes were covered with three
applications of magnesium zincfluorosilicate wash. Lead flashing was used to protect the
joint where the steel liner met the concrete dome. Asbestos gaskets were used to seal the
manholes in the tank dome. Each tank was covered with approximately 2.4 m (8 ft) of
overburden.

Tank 241-BY-108 has 16 risers ranging in size from 10.2-cm (4-in.) to 1.1-m (42-in.)
diameter. The surface level is monitored through riser 4 with a manual tape. Table 2-2
shows riser numbers, sizes, and descriptions. A plan view of the riser configuration is
shown in Figure 2-1. Risers I and 2, which are 10.2-cm (4-in.) diameter, and 7 and 12a,
which are 30.5-cm (12-in.) diameter, are available for use. A tank cross section showing the
approximate waste level and a schematic of the tank equipment are shown in Figure 2-2.
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Table 2-2. Tank 241-BY-108 Risers.'
.. ..... ..... c... ...... 4 .

R1 4 Breather filter
R2 4 Flange, weather covered
R3 4 Thermocouple tree2

R4 4 Liquid level reel, bench mark
R5 4 Flange
R6 12 Flange, bale, weather covered
R7 12 Blind flange, below grade'
R8 12 Thermocouple tree
R9 42 Caisson
R9B 12 Flange and spool

RIO 42 Caisson, welded
R10A 12 Exhaust port, bench mark, concrete covered
R10B 18 Blanked, concrete covered
Rl1 42 Caisson

R11A 12 Airlift circulator (capped), concrete covered
R11B 4 Capped, concrete covered
R12 42 Caisson

R12A 12 Airlift circulator (capped), concrete covered

R12B 18 Observation port, concrete covered
R13 42 Below grade

N1 3 Spare nozzle

N2 3 Spare nozzle

N3 3 Spare nozzle

N4 3 Spare nozzle

N5 3 Cascade inlet nozzle

N6 3 Cascade outlet nozzle

Note:
1Alstad (1993) and Brevick et al. (1994)

2A thermocouple tree was installed through riser 3 on July 25, 1995. However, temperature plots
from this tree are not available because the tree has not been functioning properly.
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Figure 2-1. Riser Configuration for Tank 241-BY-108.
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Figure 2-2. Tank 241-BY-108 Configuration.
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2.3 PROCESS KNOWLEDGE

The subsections below provide information about the transfer history of tank 241-BY-108,
describe the process wastes that made up the transfers, and give an estimate of the current
tank contents based on transfer history.

2.3.1 Waste Transfer History

Initially, tank 241-BY-108 received first-cycle decontamination waste that cascaded from
tank 241-BY-107 during March 1951. This waste originated during the BiPO4 process for
processing and recovery of plutonium. This waste type was cascaded until 1954. From
1954 until 1957, tank 241-BY-108 received in-plant ferrocyanide-scavenged uranium
recovery waste. (Tank 241-BY-108 was a primary settling tank.) Ferrocyanide was added to
the uranium recovery waste to precipitate cesium. After settling, the supernatant liquid (by
this time relatively free of cesium) was transferred from tank 241-BY-108 to various cribs.
The precipitation of cesium was used to reduce the volume of the stored tank waste. During
1957, tank 241-BY-108 also received in-tank ferrocyanide-scavenged uranium recovery waste
(supernatant) from tank 241-C-1 12 (another primary settling tank). During 1959,
tank 241-BY-108 received waste from tank 241-C-105.

In 1968, tank 241-BY-108 received in-tank solidification waste from tank 241-BY-111.
From 1969 until 1974, tank 241-BY-108 received evaporator bottoms waste (from the in-tank
solidification process), cladding waste, and organic wash waste from tank 241-BY-109. In
1970 and 1971, tank 241-BY-108 also received in-tank solidification waste. Finally, 27 kL
(7 kgal), 61 kL (16 kgal) and 8 kL (2 kgal) of water were intermittently added to
tank 241-BY-108 from 1972 until 1975. It should be noted that BY saltcake waste, as
indicated by the Waste Status and Transaction Record Summary for the Northeast Quadrant
(WSTRS) (Agnew et al. 1995b), was added to tank 241-BY-108 in 1976. This transaction
can be viewed as a redesignation of a part of tank 241-BY-108's waste volume to BY
saltcake waste. Approximately 863 kL (228 kgal) of waste was left in tank 241-BY-108 after
the final transfer out of the tank in 1982. Table 2-3 summarizes tank 241-BY-108 waste
receipt history. It does not include water additions.

Table 2-3. Summary of Tank 241-BY-108 Waste Receipt History. 2 (2 sheets)

Traser TW.s.e V........WUe
Source Waste Type Recehved Period Kflohjter Kflogalons

241-BY-107 First-cycle decontamination waste 1951 - 1954 5,485 1,449
U Plant In-plant ferrocyanide-scavenged 1954 - 1957 33,105 8,745

uranium recovery waste

241-C-112 In-tank ferrocyanide-scavenged 1957 1,878 496
uranium recovery waste
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Table 2-3. Summary of Tank 241-BY-108 Waste Receipt History." (2 sheets)

Sor.....>WgteType e Pe..Od ..e....ogo

241-C-105 Uranium recovery waste/cladding 1959 1,863 492
waste/PUREX cladding waste/

241-BY-111 In-tank solidification waste 1968 1,435 379
241-BY-109 Evaporator bottoms waste (from in- 1969 - 1974 3,309 874

tank solidification process)/cladding
waste/organic wash waste/

241-BY-112 In-tank solidification waste 1970 - 1971 2,271 600
Unknown BY saltcake waste 1976 734 194

Notes:
'Agnew et a]. (1995b)

This table shows historical data that have not been validated.

2.3.2 Historical Estimate of Tank Contents

An estimate of the current contents of tank 241-BY-108 based on historical transfer data is
available from the Historical Tank Content Estimate for the Northeast Quadrant of the
Hanford 200 East Area (HTCE) (Brevick et al. 1994a). The historical data used for the
estimate is the Waste Status and Transaction Record Summary for the Northeast Quadrant
(WSTRS) (Agnew et al. 1995b), the Hanford Defined Waste: Chemical and Radionuclide
Compositions (Agnew 1995), and the Tank Layer Model for the Northeast, Southwest, and
Northwest Quadrants (TLM) (Agnew et al. 1995a). The WSTRS is a compilation of
available waste transfer and volume status data. The Hanford Defined Wastes provides the
assumed typical compositions for Hanford waste types. In some cases, the available data are
incomplete, reducing the usability of the transfer data and the modeling results derived from
it. The TLM takes the WSTRS data, models the waste deposition processes, and using
additional data from the Hanford Defined Wastes generates an estimate of the tank contents.
Thus, these model predictions can only be considered an estimate that requires further
evaluation using analytical data.

The HTCE states that tank 241-BY-108 contains, from the bottom to the top, the following
waste layers: 424 kL (112 kgal) of type 1 in-plant ferrocyanide (PFeCN1) waste, 201 kL
(53 kgal) of type 2 in-plant ferrocyanide (PFeCN2) waste, and 238 kL (63 kgal) of BY
saltcake waste. The difference between PFeCNl waste and PFeCN2 waste is that 0.005 M
ferrocyanide was used to precipitate "Cs producing PFeCN1 while 0.0025 M ferrocyanide
produced PFeCN2. The first cycle decontamination waste (received from the bismuth
phosphate process in 1951 to 1954) should not contribute to the sludge currently in the tank.
The reason for this is that the waste was received through the cascade, and a majority of the
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solids would have settled out in the first cascade tank (241-BY-107). Figure 2-3 shows a
graph representing the estimated waste type and volumes for the tank layers.

The PFeCN1 waste and the PFeCN2 waste are predicted to be similar in composition. Both
layers should contain large amounts of sodium and sulfate and relatively large quantities of
iron, bismuth, uranium, nitrate, phosphate, and ferrocyanide (Agnew 1995). Additionally, a
significant quantity of nickel should be present along with a trace of plutonium.. Because
quantities of cesium should be present, both layers will show activity.

The BY saltcake waste layer should contain large quantities of sodium and nitrate and
relatively large quantities of aluminum, nitrite, and sulfate. Moderate to small quantities of
potassium, iron, chromium, zirconium, lead, and bismuth will be present also. Cesium
should be found in modest quantities; therefore, this layer will have a moderate activity
(smaller than the PFeCN layers) (Agnew 1995). The BY saltcake layer can be distinguished
further from the PFeCN layers because the BY saltcake layer contains aluminum (not found
in the PFeCN layers) and does not contain nickel (found in the PFeCN layers).

Table 2-4 shows the HTCE values for tank 241-BY-108. These values are concentration and
inventory estimates for the waste as a whole. In determining HTCE values, the individual
waste type predictions have been combined to generate a single concentration and inventory
estimate for the overall tank waste.

2.4 SURVEILLANCE DATA

Tank 241-BY-108 surveillance consists of surface level measurements (liquid and solid),
temperature monitoring inside the tank (waste and vapor space), and leak detection well
(drywell) monitoring for radioactivity outside the tank. The data are significant because they
provide the basis for determining tank integrity.

Liquid level measurements can indicate if there is a major leak from a tank. Solid surface
level measurements provide an indication of physical changes and consistency of the solid
layers of a tank. Drywells located around the tank perimeter may show increased
radioactivity from leaks in the vicinity of a drywell.

2.4.1 Surface Level Readings

Tank 241-BY-108 is categorized as an assumed leaker. The surface level of the waste is
monitored quarterly with a manual tape through riser 4. The surface level graph shows the
readings for the past three years remained steady between 225 cm (88.5 in.) and 218 cm
(86 in.). An occurrence report was issued in January 1980 because of a 9,800 L (2,600 gal)
liquid intrusion caused by snow rapidly melting into the tank through the pits. As of
October 1, 1995, the surface level was at 220 cm (87 in.). A level history graph of the
volume measurements is shown in Figure 2-4.
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Figure 2-3.
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Table 2-4. Tank 241-BY-108 Inventory Estimate (2 sheets).1. 2

Total solid waste 1.38E+06 kg; 863 kL (228 kgal)
Heat load 0.750 kW (2,560 BTU/hr)
Bulk density 1.60 (g/cm 3)
Void fraction 0.529
Water wt% 45.8
Total Organic Carbon 0.418
wt% Carbon (wet)

Na+ 8.60 1.24E+05 1.71E+05
A13+ 0.276 4,670 6,430
Fe3+ (total Fe) 1.16 40,600 55,900
Cr1+ 0.0243 790 1,090
Bi34  0.238 31,100 42,800,
1_ _ _ _+ 0 0 0

Ce 3 + 0 0 0
Zr (as ZrO(OH) 2) 6.76E-04 38.6 53.2
Pb2 4  4.47E-05 5.80 7.99
Ni2+ 0.0953 3,510 4,830
Sr 24  0 0 0
Mn" 0 0 0
Ca2 + 0.142 3,510 4,920
K1 + 0.00951 233 321
OHR 5.00 53,200 73,400
NO3- 3.25 1.26E+05 1.74E+05
NO2- 0.327 9,430 13,000
Co 3

2 - 0.182 6,860 9,450
P04

3 - 0.317 18,800 26,000
So4 - 1.54 92,500 1.27E+05
Si (as SiO3

2-) 0.353 6,210 8,560
F 0.385 4,580 6,310
C- 0.0550 1,220 1,680
C6H3- 6.91E-04 81.8 113
EDTA4  0.00138 249 343
HEDTA3- 0 0 0
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Table 2-4. Tank 241-BY-108 Inventory Estimate (2 sheets)., 2

tr t n d a t.a ............ 0
(Conttnued) A les/ ppm~ k
NTA- 0 0 0
glycolate 0 0 0
acetate7 0.00881 325 448
oxalate 2- 0 0 0
DBP 0.00105 176 242
NPH 0 0 0
CC 4  0 0 0
hexone 0 0 0
Fe(CN)6 - 0.0845 11,200 15,400
Radiologleat ContItents- Ci/L AigC
Pu 0.0425 0.977 (kg)
U 0.0905 (moles/L) 963 (pg/g) 18,600 (kg)
Cs 0.171 107 1.48E+05
Sr 0.0101 6.32 8,710

Notes:
'Brevick et al. (1994a)

'This table shows data that have not been validated.
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Figure 2-4. Tank 241-BY-108 Level History.
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2.4.2 Internal Tank Temperatures

Two thermocouple trees are installed in tank 241-BY-108 through risers 3 and 8. The tree in
riser 3 was added on July 25, 1955. Because this tree has not been functioning properly,
temperature data from it are not reliable. Consequently, the temperature data for
tank 241-BY-108 were taken solely from the thermocouple tree in riser 8. This tree has 13
thermocouples. Elevations are known for the first 10 thermocouples. Thermocouple 1 is
152 mm (0.5 ft) from the bottom of the tank. Thermocouples 2 through 10 are evenly
spaced at 610 mm (2 ft) intervals above thermocouple 1. Review of the tank 214-BY-108
level history indicates that from September 1974 to October 1982 thermocouples 7 through
13 were in the vapor space. After October 1982, thermocouples 1 through 4 were in or near
the solids level, and the remainder of the thermocouples were in the vapor space.

Thermocouples 1 through 10 have similar temperature readings that span from 1974 to the
present. Limited data are available for thermocouples 11 through 13. There is a gap in the
temperature readings from October 1983 until November 1989 probably caused by equipment
malfunctions. The median temperature is 29 *C (84 *F), the minimum temperature is 10 *C
(50 *F), and the maximum temperature is 68 *C (154 'F). The temperature reading for
thermocouple 1 was 42 *C (107 *F) on December 10, 1995. Plots of the thermocouple
readings for tank 241-BY-108 can be found in the supporting documents for the HTCE
(Brevick et al. 1994b). A graph of the weekly high temperature is shown in Figure 2-5.

2.4.3 Drywells

Tank 241-BY-108 has seven drywells in the surrounding soil to monitor leaks. Although
significant drywell activity was observed in the past (as expected from an assumed leaker),
readings are currently below 200 counts per second. Tank 241-BY-108 does not have a
liquid observation well.

2.4.4 Tank 241-BY-108 Photographs

The 1986 photographs of the tank 241-BY-108 interior show a white to light rose solid waste
surface. Equipment, visible in the photographs, includes an air lift circulator, a
thermocouple tree, a manual tape, an air breather riser, and a saltwell screen. There have
been no waste transfers or surface level changes since the photographs were taken; therefore
the photographs should accurately show the current tank contents. A photographic montage
of tank 241-BY-108 is shown in Figure 2-6.

2-13



WHC-SD-WM-ER-533 Rev. 0

Figure 2-5. Tank 241-BY-108 Weekly High Temperature Plot.
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Figure 2-6. Photographic Montage of Tank 241-BY-108.
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3.0 TANK SAMPLING OVERVIEW

This section describes the July and August 1995 sampling and analysis events for
'tank 241-BY-108. Rotary core samples were taken to satisfy the requirements of the Tank
Safety Screening Data Quality Objective (Babad et al. 1995), the Interim Data Quality
Objectives for Waste Pretreatment and Vitrification (Kupfer et al. 1994), the Data
Requirements for the Ferrocyanide Safety Issue Developed through the Data Quality
Objectives Process (Meacham et al. 1994), the Test Plan for Samples from Hanford Waste
Tanks 241-BY-103, BY-104, BY-105, BY-106, BY-108, BY-110, TY-103, U-105, U-107,
U-108, and U-109 (Meacham 1995), and the Historical Model Evaluation Data Requirements
(Simpson and McCain 1995). The sampling and analyses were performed in accordance with
the Tank 241-BY-108 Rotary Mode Core Sampling and Analysis Plan (Baldwin 1995c).
Although not addressed in the sampling and analysis plan, the analyses required by Data
Quality Objective to Support Resolution of the Organic Complexant Safety Issue (Turner et
al. 1995) were performed as a consequence of meeting the analytical requirements of the
other DQOs and the test plan. Further discussions of the sampling and analysis procedures
can be found in the Tank Characterization Reference Guide (DeLorenzo et al. 1994).

3.1 DESCRIPTION OF SAMPLING EVENT

Three rotary mode core samples were collected from tank 241-BY-108 between July 27 and
August 16, 1995. Cores 98 and 99 were collected from riser 12A; core 104 from riser 7.
Cores 98 and 104 were sent to the Westinghouse Hanford Company 222-S Laboratory for
analysis. Core 99 was sent to the Pacific Northwest National Laboratory (PNNL)
(325 Analytical Chemistry Laboratory and 325 High Level Radiochemistry Laboratory) for
analysis.

Nitrogen gas was used to maintain hydrostatic head pressure during sampler changeout.
Water was used to wash the drill string between core sampling operations. A tracer (lithium
bromide) was added to the wash water to gauge contamination of the segments by the wash
water. A field blank obtained during the sampling operation and a lithium bromide blank
were sent to the 222-S Laboratory for analysis.

Table 3-1 summarizes the applicable DQOs and their respective sampling and analysis
requirements. Table 3-2 summarizes sample numbering and dose rate information for the
1995 core sampling event.
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Table 3-1. Integrated Requirements for Tank 241-BY-108. 1

Samping 1 Sampling A ppilcabhe Refernne and
Event j____r_ ents_ A>aywial tequfreect

Core, 9flnd164
Rotary Core samples Safety Screening Data Quality Objective: Moisture content,
Core from a total alpha activity, energetics, total organic carbon.
Sampling minimum of two

risers separated Data Requirements for the Ferrocyanide Safety Issue
radially to the Developed through the Data Quality Objective Process:
maximum extent Moisture content, energetics, total organic carbon, cyanide,
possible. nickel.

Interim Data Quality Objectives for Waste Pretreatment and
Vitrification: Collection of sample for future process
development work.

Test Plan for Samples from Hanford Waste Tanks
241-BY-103, BY-104, BY-105, BY-106, BY-108, BY-110,
TY-103, U-105, U-107, U-108, and U-109: Energetics,
total organic carbon.

Tank 241-BY-108 Rotary Mode Core Sampling and Analysis
Plan: Lithium.

.... Co
Rotary Core samples Safety Screening Data Quality Objective: Moisture content,
Core from a total alpha activity, energetics, total organic carbon.
Sampling minimum of two

risers separated Historical Model Evaluation Requirements: ICP, IC, 'Sr,
radially to the '3 7Cs.
maximum extent
possible.

Note:
'Baldwin (1995c)
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Table 3-2. Rotary Cores 98, 99, and 104 Sample Information.

98/12A/1 95-129 S95TOO1357 600
98/12A/2 95-130 S95TOO1358 600
98/12A/3 95-131 S95TD01359 800
98/12A/4 95-132 S95TOO1360 5,000 (at 3 in.)
99/12A/1 95-133 S95T001361 80
99/12A/2 95-134 S95T001362 640
99/12A/3 95-135 S95T001363 400
99/12A/4 95-136 S95TOO1383 15,000
104/7/1 95-166 S95T001335 40
104/7/2 95-167 S95T001536 800
104/7/3 95-168 S95TOO1537 1,500
104/7/4 95-169 S95T001538 1,200
104/7/5 95-170 S95T001539 2,500

Note:
ImR/hr = milliroentgens per hour

3.2 SAMPLE HANDLING

3.2.1 Cores 98 and 104

Cores 98 and 104 were received by the Westinghouse Hanford Company 222-S Laboratory
between July 28 and August 21, 1995; they were extruded between August 1 and August 24,
1995. All core samples were homogenized with a spatula by the 222-S Laboratory prior to
analysis.

The core samples were subsampled at the quarter-segment level. Sample recovery was
generally good (t 90 percent with the exception of segment 1 of core 104 which had a
41 percent recovery). Upon extrusion, some segments exhibited missing quarter segments.
The missing quarter segments were assumed to have been occupied by drainable liquid.
Quarter segments were identified by letter only if they contained solids. Drainable liquids
were identified as such. Quarter segment identifiers A, B, C, and D denote the position of
the quarter segment in the core sampler; A was at the top of the sampler, and D was at the
bottom.
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3.2.2 Core 99

Core 99 was extruded into segments and quarter segments at the 222-S Laboratory. All
extruded material from segments I through 3 was sent to PNNL. Segment 4 was further
subsampled at the 222-S Laboratory; approximately 30 grams of material from each quarter
segment were sent to PNNL. The final core 99 shipment was received by PNNL on
August 25, 1995.

Segment I and quarter-segment 4B were homogenized and subsampled from the top and
bottom for use in a homogenization test. All core 99 samples were homogenized by PNNL
prior to analysis. The sample mass of the subsampled solids was small. These samples were
homogenized with a micro spatula. The drainable liquid samples were homogenized with a
magnetic stir bar and plate. No composite analyses, as normally required by the historical
DQO (Simpson and McCain 1995), were requested (Baldwin 1995c).

Table 3-3 describes cores 98, 99, and 104 including riser number, recovered segments,
color, texture, and mass. The nomenclature of core 99 quarter segments is the same as that
for cores 98 and 104.

3.3 SAMPLE ANALYSIS

The analytical data provided by the analysis of cores 98, 99, and 104 were not limited to
those required by the safety program test plan and safety screening and ferrocyanide DQOs.
Additional analytical results for metals, anions, and radionuclides were obtained in the
process of meeting these DQOs to provide optimal information (Kristofzski 1995).

The analyses of the waste in tank 241-BY-108 were performed on the quarter-segment level,
as discussed above. Exceptions are the analyses of the first segments of each core, which
were performed on any drainable liquids and on all solid material (combined as a "whole
segment") from that segment. Cores 98 and 104 were analyzed at the Westinghouse Hanford
Company 222-S Laboratory; core 99 was analyzed at the Pacific Northwest National
Laboratory (the 325 Analytical Chemistry Laboratory and High Level Radiochemistry
Laboratory). Not all analyses or procedures were common to both laboratories. A brief
discussion of the analyses follows; a more detailed discussion is in Appendix B.

All analyses were performed by both laboratories on homogenized samples. Weight percent
water was determined by TGA. The fuel content of the waste was determined by DSC.
Metals were measured using ICP; the 222-S Laboratory prepared the samples by a fusion
process, and the 325 Laboratory used an acid digestion. Anions were measured on water-
leached samples using IC. Total carbon was measured using hot persulfate and coulometry.
The samples were prepared for cyanide analysis by both laboratories using microdistillation.
The 222-S Laboratory used a coulometric method for cyanide measurement; the 325
Laboratory used argentometric titration and colorimetry. Total alpha activity was the only
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Table 3-3. Cores 98, 99, and 104 Rotary Sample Description.', (3 sheets)

(4W Samp, ' e wa e. etr f am*ewa

crystalline and tended__ ' to"et"&+hesml

. . . . . . . ...._ _ _ _ _ _ _ _ _ _ _ ...* 
m g.. ,

tray. Sample was light brown to dirty white in
color. Collected 170 mL of drainable liquid.
Color of liquid was yellow and opaque.

Segment 2 416.0 100 Collected 100 mL of drainable liquid, which
(A), (C), was yellow brown in color and opaque.
(D) Extruded approximately 12 in. of sample.

Sample was divided into quarter segments.
Sample texture ranged from a brown sludge to a
material resembling a mixture of brown, beige,
and dirty white saltcake.

Segment 3 406.5 100 Collected 60 mL of drainable liquid, which was
(A), (C), light brown in color and opaque. Extruded
(D) approximately 16.5 in. of sample. Sample was

divided into quarter segments. Sample texture
ranged from a brown sludge to a material
resembling a mixture of brown, beige, and dirty
white saltcake.

Segment 4 490.0 100 No drainable liquid observed or collected.
(A), (B), Extruded approximately 19.0 in. of sample.
(C), (D) Sample retained its shape. Sample texture

ranged from a brown sludge to a material
resembling a mixture of brown sludge with
white saltcake.
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Table 3-3. Cores 98, 99, and 104 Rotary Sample Description." (3 sheets)

Segment 1 131.3 41.2 Extruded approximately 6-7 in. of sample.
(W) Sample was tan in color; dry, crystalline and

granular in shape. No drainable liquids.
Segment 2 383.5 100 No drainable liquid. Extruded approximately
(A), (B), 19 in. of sample. Upper half retained its shape,
(C) lower half crumbled during extrusion. Upper

quarter segment ranged from crumbly salItcake
to sludge. Sample was divided into three
quarter segments. Sample texture ranged from
a brown sludge to a material resembling a
mixture of brown sludge with saltcake.

Segment 3 288.8 89.5 No drainable liquid. Extruded approximately
(A), (C), 17 in. of sample. Sample was wet, granular,
(D) and did not retain its shape. Sample was

divided into three quarter segments. Sample
texture resembled a brown saltcake.

Segment 4 318.3 94.7 No drainable liquid. Extruded approximately
(A), (C, 18 in. of sample. Sample was wet, granular,
(D) crumbly, and ranged from a yellow to brown

saltcake. Sample was divided into three quarter
segments.

Segment 5 422.7 94.7 No drainable liquid. Extruded approximately
(A), (B), 18 in. of sample. Lower half retained its shape
(C), (D) and was medium to dark brown. The upper

half was dark brown and partially retained its
shape. Texture of material resembled a sludge.
Sample was divided into four quarter segments.
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Table 3-3. Cores 98, 99, and 104 Rotary Sample Description." 2 (3 sheets)
..... * - HM O

N be Wegt()%Segment Descr v Itiorn
Segment 1 56.4 20.0 Extruded approximately 2 in. of sample.

Sample was dirty white saltcake. Texture of
sample was crumbly. The sample retained its
shape. Collected no drainable liquid.

Segment 2 335 100 Collected 230 mL of drainable liquid, which
(A), (D) was a yellow green color and opaque. Extruded

approximately 2 in. of sample. Sample was
divided into quarter segments. Quarter segment
A was 1 in. in length and resembled a dirty
white saltcake which retained its shape. Quarter
segment D was 1 in. in length and resembled a
cream colored sludge.

Segment 3 89.0 15.2 Collected 25 mL of drainable liquid, which was
(A) tan in color and opaque. Extruded

approximately 1 in. of sample. Sample texture
resembled a grainy cream-colored saltcake.

Segment 4 475.9 100 No drainable liquid observed or collected.
(A), (B), Extruded approximately 19 in. of sample.
(C), (D) Sample retained its shape. Sample was divided

into quarter segments. Sample resembled a
mixture of brown sludge with embedded
saltcake.

Notes:
W = whole segment
A = upper quarter segment
B = second quarter segment from top of core
C = third quarter from top of core
D = bottom quarter segment of core

'Baldwin (1995a)

2Silvers et al. (1995)

'Recovery is calculated by dividing the actual recovered length of sample, including solids and
drainable liquids, by the length of the sampler (48.3 cm) or, in the case of the first segment, by the
expected segment length. The lengths of the recovered drainable liquids were calculated by
converting drainable liquid volumes to the equivalent sampler length (48.3 cm sampler length/250 mL
sampler volume = 0.193 cm/mL).
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radiochemical test performed by the 222-S Laboratory. The 325 Laboratory performed
gamma energy analysis, total beta activity measurement, and analyses for plutonium,
strontium, and uranium. Organic compounds, specifically normal paraffin hydrocarbons and
tributyl phosphate, were measured by the 222-S Laboratory using flame ionization, gas
chromatography, and mass spectrometry. Density was measured by the 325 Laboratory
using a mineral oil displacement method. Reactive systems screening tool analysis will be
performed on segments with high DSC results. These results will be reported in a revision
of this document.

The results of the analyses are presented and discussed in Section 4.0. The results of the
quality control tests and the implications for data quality are discussed in Section 5.1.2. A
summary of the cores, segments, segment portions, and individual sample numbers, and the
analyses performed on each sample is presented in Appendix B, Table B-1. Tables B-2 and
B-3 list the procedure titles and numbers for each analysis.

3.4 AUGUST 1994 HISTORICAL AUGER SAMPLING EVENT

Tank 241-BY-108 was auger sampled in August 1994, according to Campbell et al. (1995b).
The results are reported in Appendix D and in Campbell et al. (1995a). Note that results in
Campbell et al. (1995a) and in Appendix D are labeled as originating from risers 16 and 17.
These are the sample numbers. The samples came from risers 1 and 12A. The samples
were taken to answer concerns about a possible floating organic layer coming in contact with
the top of the solid portion of the waste as a consequence of saltwell pumping associated with
interim stabilization. The waste in tank 241-BY-108 is composed of approximately one-third
salteake, which is thought to be more porous than some waste types. Twenty-inch augers
were used to sample the top portion of the waste to determine the extent to which the organic
layer had occupied the saltcake pores. Auger sample 16 from riser 1 was limited and was
analyzed on a whole segment basis. Auger sample 17 from riser 12A was divided into upper
and lower segment halves.

Analytes measured on the auger samples consisted of organic compounds, total organic
carbon, and weight percent water. The organic compounds were analyzed by a method
developed by the Advanced Organic Analytical Methods Group and PNNL (Pool and Bean
1994). After extraction by methylene chloride, the samples were analyzed by gas
chromatograph/mass spectrometry and quantified by a gas chromatograph/flame ionization
detector. Total organic carbon was analyzed by hot persulfate oxidation, and weight percent
water was determined by TGA. Procedure titles and numbers are listed in Appendix B,
Table B-4.
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4.0 ANALYTICAL RESULTS

This section presents the analytical results associated with the July and August 1995 sampling-
of tank 241-BY-108. The sampling and analysis were performed as directed in the
Tank 241-BY-108 Rotary Mode Core Sampling and Analysis Plan (SAP) (Baldwin 1995c).
This plan integrated all documents related to sampling and analytical requirements, including
applicable DQOs. The SAP sampling and analytical requirements for cores 98 and 104 were
taken from the safety screening DQO (Babad et al. 1995), the ferrocyanide DQO (Meacham
et al. 1994), and the safety program test plan (Meacham 1995). Through the analyses
required by these DQOs, the analytical requirements of the organic DQO were met also.
Analysis of the two cores was performed at the Westinghouse Hanford Company
222-S Laboratory. A third core (99) was extruded at the 222-S Laboratory and shipped to
the Pacific Northwest National Laboratory (325 Analytical Chemistry Laboratory) for
analysis. The analysis of this core also was governed by Baldwin (1995c); the applicable
DQOs included safety screening and the historical model evaluation data requirements
(Simpson and McCain 1995).

Analytical results are tabulated in Table 4-1. As noted, comprehensive analytical data are
found in Appendix A. Except for the physical data, only analyte overall means are reported
in Section 4.0. Appendix C contains data for the analytes (lithium and bromide) evaluated to
gauge the amount of contamination by the drill string wash water.

Table 4-1. Analytical Data Presentation Tables.
...Type ... TAbu...d. .L

Chemical data summary Table 4-2
Thermogravimetric analysis results Table 4-3
Differential scanning calorimetry results Table 4-4
Density results Table 4-5
1995 comprehensive analytical data Appendix A
Drill string wash water contamination check data Appendix C

4.1 DATA PRESENTATION

This section summarizes the analytical results from the 1995 sampling of tank 241-BY-108.
The subsections below provide information about chemical data, physical data, wash water
contamination check results, and the vapor data summary. Data from the analysis of cores
98 and 104 were reported in Revision 1 Report for Tank 241-BY-108 Rotary Samples, Core
98 and 104 (Baldwin 1995b). The core 99 results were reported in Single-Shell Tank Waste
Characterization: Core 99 Tank BY-108 (Silvers et al. 1995).
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4.1.1 Chemical Data Summary

Data from the three cores were combined to derive an overall concentration mean for each
analyte. The means reported are weighted means. A weighted overall mean was calculated
by taking a simple mean of all subsegment values for a particular segment, then the segment
means for an individual core were averaged to derive a core mean. Because cores 98 and 99
were taken from the same riser, their core analytical means were averaged together before
averaging with the core 104 analytical values. The final result was the overall mean
concentration. The same procedure was followed for analytes which had data from only one
or two cores. When more than half of the subsegments had detected results, the overall
mean was reported as a detected value. Conversely, when results for 50 percent or more
subsegments were nondetected, the overall mean was reported as a less-than (<) value.
Table 4-2 shows these overall means. The original subsegment analytical data are listed in
Appendix A.

The drainable liquid results were averaged together with the sludge results because the waste
consists of both solid and liquid.

The first two columns of Table 4-2 contain the analyte and overall mean from Appendix A.
The third column displays the relative standard deviation (RSD) of the mean. The RSD is
defined as the standard deviation divided by the mean, multiplied by 100. The RSDs also
were obtained from Appendix A. The methodology for calculating the RSDs can be found in
Jensen and Liebetrau (1988). The projected inventories listed in the final column were
derived by multiplying the overall mean in pg/g or uCi/g by the sludge density (1.51 g/mL)
and the waste volume of 863,000 L (228,000 gals).

Table 4-2. Chemical Data Summary for Tank 241-BY-108 (4 sheets).

Kaall Mean Relative Sta..rd P .jected
.Dd . ..

METALS .g %.kg .

Aluminum 39,800 29.8 51,700
Antimony' < 186 n/a < 242
Arsenic' < 116 n/a < 151
Barium 124 38.4 161
Beryllium < 6.73 n/a < 8.75
Bismuth < 495 n/a < 644
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Table 4-2. Chemical Data Summary for Tank 241-BY-108 (4 sheets).

-10

Boron 250 70.2 325
Cadmium < 16.3 n/a < 21.2
Calcium 3,370 42.6 4,380
Cerium < 123 n/a < 160
Chromium 255 34.7 332
Cobalt 34.2 22.7 44.5
Copper < 45.9 n/a < 59.7
Dysprosium < 69.4 n/a < 90.2
Europium < 139 n/a < 181
Iron 7,190 52.8 9,350
Lanthanum < 67.4 n/a <87.6
Lead 439 43.3 571
Magnesium 447 31.7 581
Manganese 209 61.5 272
Molybdenum < 54.1 n/a < 70.3
Neodymium < 119 n/a < 155
Nickel 2,510 41.8 3,260
Palladium < 413 n/a < 537
Phosphorus 10,100 31.4 13,100
Potassium 2,650 54.2 3,450
Rhodium < 417 n/a < 542

Samarium < 131 n/a < 170
Selenium' < 135 n/a < 176
Silicon 1,530 51.4 1,990
Silver < 49.9 n/a < 64.9

Sodium 1.63E+05 14.2 2.12E+05
Strontium 3,190 66.2 4,150
Sulfur 6,960 30.2 9,050
Tellurium' < 694 n/a < 902

Thallium' < 479 n/a < 623
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Table 4-2. Chemical Data Summary for Tank 241-BY-108 (4 sheets).

Thorium < 1,110 n/a < 1,440
Tin < 1,390 n/a < 1,810
Titanium 74.9 29.8 97.4
Tungsten < 744 n/a < 967
Uranium 9,470 60.0 12,300
Vanadium < 47.3 n/a < 61.5
Yttrium < 14.4 n/a < 18.7
Zinc 83.5 33.4 109
Zirconium < 34.7 n/a < 45.1

Chloride 1,540 9.66 2,000
Cyanide 362 65.8 471
Fluoride 6,610 26.7 8,590
Nitrate 2.01E+05 18.5 2.61E+05
Nitrite 27,300 13.0 35,500
Oxalate 7,500 11.4 9,750
Phosphate 26,000 24.0 33,800
Sulfate 23,400 27.9 30,400
RADIONUCLIDES slgC
m'Am < 0.187 n/a < 243
'3Cs < 0.108 n/a < 140
137Cs 258 77.9 3.35E+05
"Co < 0.00911 n/a < 11.8
1Eu < 0.0455 n/a < 59.2
"5 Eu < 0.389 n/a < 506
2 8Pu 0.00659 45.7 8.57
239*- 0.0459 91.5 59.7
"Sr 143 95.5 1.86E+05

Total Alpha 0.0619 43.3 80.5
Total Beta 549 88.1 7.14E+05
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Table 4-2. Chemical Data Summary for Tank 241-BY-108 (4 sheets).

Total Carbon 8,970 39.6 1,0
Total Inorganic Carbon 5,340 33.9 6,940
Total Organic Carbon 4,480 20.5 5,820

Undecane 23.5 50.8 30.6
Tridecane 71.3 45.2 92.7
Tetradecane 55.1 41.8 71.6
Tri-n-butylphosphate 0.0745 n/a 0.0969
Pentadecane 22.4 43.5 29.1
Nonane 0.988 n/a 1.28
Dodecane 58.8 48.4 76.4
Decane 3.42 n/a 4.45
PHYSCAL PRO...E .E.
Percent Water 27.2 19.3 n/a

Notes:
n/a = not applicable

'High < values for certain analytes are because of the lower sensitivity for these analytes by
ICP/AES. Also, high uranium concentration can cause interference effects on some trace metals.

4.1.2 Physical Data Summary

Thermal analyses were performed on tank 241-BY-108 core samples to satisfy the
requirements of the safety screening DQO (Babad et al. 1995), which dictated that thermal
analyses be performed on solid and liquid phases of the waste samples; and the ferrocyanide
DQO (Meacham et al. 1994), which required thermal analyses to be performed on the solid
phase only. In addition, density determinations were performed on core 99 for the solid and
drainable liquid subsegments.

4.1.2.1 Thermogravimetric Analysis. In a TGA, the mass of a sample is measured while
its temperature is increased at a constant rate. A gas, such as nitrogen or air, is passed over
the sample during the heating to remove any gaseous matter. Any decrease in the weight of
a sample represents a loss of gaseous matter from the sample either through evaporation or
through a reaction that forms gas phase products.
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Weight percent water by TGA was performed by the 222-S Laboratory under a nitrogen
purge using procedures LA-560-112 and LA-514-114. Weight percent water by TGA was
performed by PNNL, also under a nitrogen purge, using procedure PNL-ALO-508.

Table 4-3 shows the TGA percent water data for tank 241-BY-108. Ten samples exhibited
percent water means below the safety screening DQO (Babad et al. 1995) notification limit of
17 weight percent. Two of these samples were from segment 2 of core 98, which also had
100 mL of drainable liquid recovered out of a total 416 grams of sample. The fact that
several samples were below 17 weight percent does not in itself constitute an unsafe
condition. The energetics values for these samples must also exceed the safety screening
notification limits. This is discussed further in Sections 4.3.2 and 5.5. The overall percent
water value for the tank calculated by equal weighting of the three cores, the segments, and
subsegments, was 27.2 percent.

Table 4-3. Thermogravimetric Analysis Results for Tank 241-BY-108 (3 sheets).1

Tenp. Care
Sample Location kange Result DupHiat Mea MeWan

Numbsr Se.: 8ubseg. ("C) %sH.O % H % ..% 1..

___ ___'ore 9$
1373 1 DL 35-260 31.9 34.04 32.97 32.83
1390 Whole 35-270 21.85 19.76 20.80
1404 2 A 35-275 14.64 14.87 14.75

1399 C 37-199 43.90 39.74 41.82
1393 D 39-195 38.92 36.38 37.65
13962 36-260 40.98 44.12 42.55

13963 35-260 8.56 9.36 8.96
1427 DL 35-260 27.11 25.03 26.07

1431 3 A 38-220 41.31 38.53 39.92

1432 C 37-196 43.47 44.47 44.12

1433 D 35-190 34.52 38.56 36.54
1430 DL 36-220 38.58 39.47 39.02
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Table 4-3. Thermogravimetric Analysis Results for Tank 241-BY-108 (3 sheets).'

taTienP. C or~tM~En

Number Sg., Sube ('C % 2_ 2 2 2

1419 4 A 38-190 28.88 36.23 32.55 Cont'd
30-272 36.64 36.69 36.66

1420 B 38-180 35.41 35.81 35.61
1421 C 132-170 38.31 39.82 39.06
1422 D 34-170 36.49 36.40 36.45

_____ ____ C~~(ore 104 _ __ _ __ _ _

1925 1 Whole 35-170 24.90 23.78 24.34 22.05
1966 2 A 34-205 20.84 19.25 20.05
1967 B n/a 33.54 29.90 31.72
1968 C 35-240 15.40 9.880 12.64
1969 3 A 35-250 7.150 7.790 7.470
1970 C 29-88 11.12 7.680 9.400
1971 D 38-80 8.070 7.820 7.945
1972 4 A 34-236 31.01 33.09 32.05
1973 C 35-230 41.10 41.13 41.12
1974 D 35-245 9.770 8.800 9.285
1975 5 A 35-240 9.370 8.980 9.175
1976 B 35-240 37.69 35.62 36.66
1977 C 35-220 35.50 35.50 35.50
1978 D n/a 32.34 34.59 33.47

7313 1 Whole 23-157 32.7 26.1 29.4 31.8
7315 2 A 23-136 7.8 6.6 7.2
7314 D 23-203 17.9 15.5 16.7
7932 DL 23-236 52.6 46.7 49.7
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Table 4-3. Thermogravimetric Analysis Results for Tank 241-BY-108 (3 sheets).'

73 3 A 22-212 14.1 35.0 24.6 Cont'd
7935 DL 23-235 52.1 52.6 52.4
7322 4 A 22-171 25.8 25.1 25.5
7319 B 22-187 35.3 35.9 35.6
7318 24-173 35.6 36.2 35.9
7317 D 22-178 40.6 44.0 42.3

Sample Weight % Loss Mean (% Water) = 27.2%
Relative Standard Deviation of the Mean = 19.3%

Notes:
Temp.
Seg.
Subseg.
n/a
DL
A, B, C, D

temperature
segment
subsegment
not available
drainable liquid
top, second, third, or bottom segment portion, respectively.

'Baldwin (1995a) and Silvers et al. (1995)

2Analysis was performed on MettlerP equipment.

'Analysis was performed on Perkin-Elmer* equipment.

.4.1.2.2 Differential Scanning Calorimetry. In a DSC analysis, heat absorbed or emitted
by a substance is measured while the substance is exposed to a linear increase in
temperature. While the substance is being heated, a gas such as nitrogen is passed over the
waste material to remove any gases being released. The onset temperature for an
endothermic event (characterized by or causing the absorption of heat) or an exothermic
event (characterized by or causing the release of heat) is determined graphically.

The DSC analyses were performed by the 222-S Laboratory under a nitrogen atmosphere
using procedure LA-514-113 and procedure LA-514-114. The DSC analyses were performed
by the Pacific Northwest National Laboratory using procedure PNL-ALO-508, also under a
nitrogen purge. Four analyses (three samples and one rerun) exceeded the safety screening
notification limit of 481 J/g.
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The DSC results are shown in Table 4-4. The temperature range is provided for core 99data, the onset temperature for the endothermic or exothermic reaction is provided for core98 and 104 data at maximum enthalpy change, and the magnitude of the enthalpy change is
provided for each transition. The first transition represents the endothermic reaction
associated with the evaporation of free and interstitial water. The second transition probably
represents the energy (heat) required to remove bound water from hydrated compounds suchas aluminum hydroxide or to melt salts such as sodium nitrate. The third transition is
generally exothermic and is probably caused by the fuel components of the sample reacting
with the nitrate salts. The results are reported on a wet weight basis. The safety screeningDQO (Babad et al. 1995), however, requires that the exothermic reactions be evaluated on adry weight basis in order to make a decision concerning tank safety. The dry weight value isobtained from the wet weight value by dividing the reported exothermic value for a
subsegment by the solid fraction of the subsegment (that is, I minus the fractional percentwater value for that subsegment). Two samples (core 104, segment 5, quarter segments B
and C) had averages which exceeded the safety screening DQO limit for energetics. Two
other samples, the original and rerun from quarter segment B of segment 4 from core 98,had one result of a primary/duplicate pair above the DQO limit but had averages below the
threshold. However, the upper 95 percent confidence interval limits (Baldwin 1995a) for
both of these samples were above the DQO limit. The implications for these values in terms
of tank safety are discussed in Section 5.5.

Table 4-4. Differential Scanning Calorimetry Results for Tank 241-BY-108.' (4 sheets)
-Sample - Sml

. S s. " Te . H, Teems A T.tp ..

Nube Sj~ Sb~j un (*C JI/g (*C /gt (C)

1373 1 DL 1 39.24 141 1,380 -- - --
2 32.46 135 953 -- -

1390 W 1 23.67 120 611 187 89.2 276 135
2 44.26 135 685 198 905 301 32.8

1404 2 A 1 42.39 134 823 280 14.5 --
2 34.40 136 915 265 15.4 -- --

1399 C 1 23.80 134 1,270 332 -53.0 --- --
2 30.90 131 1,220 324 -49.8 --- --

1396 D 1 39.80 147 1,050 -- -
2 17.90 138 1,090 280 -17.5 ---

1427 DL 1 18.56 124 1,770 -- --

2 24.56 132 1,360 --- ---
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Table 4-4. Differential Scanning Calorimetry Results for Tank 241-BY-108.1 (4 sheets)

Nwiib. .. .Ais. .g .. .Te.

C.r 9 (Cp441nued) ?

131 3 A 1 36.60 129 976 328 -181 --- --

2 18.65 123 1,060 243 181 --- --

1432 C 1 42.15 119 943 321 -68.7 --- ---
2 26.70 127 878 311 -70.2 --- ---

1433 D 1 17.26 131 973 213 -8.8 303 -150
2 17.81 133 913 213 -5.7 239 -144

1430 DL 1 21.50 127 1,366 241 -74.2 -- ---
2 32.80 119 1,084 249 -69.6 --- ---

1419 4 A 1 32.40 125 802 294 -293 --- ---
2 33.60 134 939 326 -162 --- ---
3 34.98 129 854 -- -199 ---
4 25.08 127 771 287 -264 --- ---

1420 B 1 35.74 130 822 335 -328 --- --

2 26.82 125 863 334 -282 --- --.
3 34.05 127 712 318 -310 --
4 43.13 119 824 324 -264 -- --

1421 C 1 38.32 119 590 286 -136 --- --
2 35.48 135 602 282 -122 464 -16.1

1422 D 1 25.68 130 799 277 -62.6 --- ---
2 33.53 129 704 279 -68.5 -- --

1925 1 W 1 21.69 122 648 284 7.20 320 65.2
2 14.76 119 747 241 5.76 313 89.1

1966 2 A 1 49.47 136 471 274 44.2 --- ---
2 29.20 144 458 313 61.3 --- ---

1967 B 1 19.84 108 596 309 62.7 --- ---
2 13.26 115 698 --- -- --

1968 C 1 19.76 111 742 219 15.1 -- --
2 43.40 132 813 241 2.78
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Table 4-4. Differential Scanning Calorimetry Results for Tank 241-BY-108.' (4 sheets)
3 4aple ~ 7 Sample 4;r.f

4 Core tc4 (Ctnt reed)
1969 3 A 1 33.86 135 812 - -

2 29.36 122 900 --- --

1970 C 1 14.38 103 473 -- -- - -.

2 18.91 132 518 --- -- - -

1971 D 1 27.51 133 611 -- -- -
2 27.45 136 560 -- -- --- --

1972 4 A 1 30.70 132 946 316 -41.4 -- --

2 28.06 135 877 -- -- - -
3 35.26 138 939 318 40.5 -- --

1973 C 1 10.20 108 973 304 -106
2 15.22 123 1,100 238 -115 -- --

1974 D 1 22.71 113 742 --- -- --- --

2 18.54 126 879 --- -
1975 5 A 1 28.50 147 718 -- -- -- --

2 25.28 133 761 -- --- --- --

1976 B 1 15.90 118 889 344 -376 -- -
2 25.88 137 853 362 -350 - -

1977 C 1 15.40 134 932 356 -354 -- --
2 21.29 135 899 312 -328 -- -

1978 D 1 26.54 134 787 --- -- -- --
2 27.16 137 797 -- -- -- 

7313 1 W 1 19.94 8-153 726 193-333 311 -- --
2 29.31 16-158 521 181-343 305 -- ---

7315 2 A 1 28.86 48-227 201 227-324 109 --- --
2 35.07 43-231 177 231-322 114 -- --

7314 D 1 16.04 22-204 263 215-332 127 375-430 -2.8
2 16.00 24-185 195 187-345 162 380-430 -2.8
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Table 4-4. Differential Scanning Calorimetry Results for Tank 241-BY-108.1 (4 sheets)

Of.

7932 DL 1 20.32 45-226 738 226-265 -11.6 265-340 14.
2 30.33 20-216 1,240 216-270 -35.8 272-330 -10.5

7316 3 A 1 31.84 28-230 303 236-336 81.1 400-427 -1.2
2 18.38 12-215 344 233-327 101 430-450 -0.7

7935 DL 1 26.98 31-236 1,180 236-303 26.1 -- ---
2 24.21 32-239 1,280 239-300 26.9 --- ---

7322 4 A 1 7.391 22-183 386 243-310 33.6 -- -
2 18.07 33-255 557 -- --

7319 B 1 23.42 22-193 652 200-411 -191 ---
2 12.03 19-224 476 224-385 -133 --- -

7318 C 1 15.00 26-192 645 192-375 -67.0 -
2 36.01 15-196 877 200-361 -77.8 ---

7317 D 1 13.40 23-195 693 203-369 -73.7 -- --

2 13.70 30-193 614 203-350 -60.2 -

Notes:
Seg.
Subseg.
Temp.
AH
DL
w
A, B, C, D

segment
subsegment
temperature
change in enthalpy (negative sign denotes exothermic reaction).
drainable liquid
whole segment
top, second, third, or bottom segment portion, respectively.

'Baldwin (1995a) and silvers et al. (1995)

The temperature columns contain peak temperatures for core 98 and 104, and temperature ranges for
core 99.

4.1.2.3 Density. Density measurements were performed only on core 99 at the Pacific
Northwest National Laboratory. Only a single measurement was made for each sample
because a limited amount of sample was available. The density of subsegment 2A was not
evaluated because sufficient sample was not available to perform an accurate density
measurement. The densities of the solid samples were obtained using a displacement
method. The samples were placed in a preweighed graduated cylinder with a known volume
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and mass of mineral oil. After the sample was placed in the mineral oil, the volume and
mass of the sample/oil mixture were measured, then the mass and volume of the mineral oil
were subtracted from the mass and volume of the sample/oil mixture. The density of the
sample was calculated from these values (Silvers et al. 1995).

The density of the drainable liquid was obtained by accurately measuring the mass of the
liquid pipetted from a fixed volume pipette. Two separate density determinations were made
on the two drainable liquid samples. A density calculated during the sample preparation (that
is, water leaching) yielded 1.43 g/mL.

Table 4-5 shows the density data. To obtain the overall tank density value, all individual
subsegment densities were averaged, including the drainable liquid densities which were
assumed to account for missing subsegments. However, the overall average was weighted by
segment, that is, the subsegments from each segment were averaged, then the segment
densities (four total) were averaged. As shown in Table 4-5, this produced an overall tank
density of 1.51 g/mL.

Table 4-5. Core 99 Density Results for Tank 241-BY-108.'
Sample Number Segment Subsegment ENDensity (/L)

7313 1 Whole 1.59
7314 2 Drainable liquid 1.43
7397 D 1.36
7316 3 A 1.57
7398 Drainable liquid 1.43
7322 4 A 1.51
7319 B 1.51
7318 C 1.53
7317 D 1.55

Overall Tank Density 1.51

Note:
'Silvers et al. (1995)
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4.1.3 Drill String Wash Water Contamination Check

During sampling, drill string wash water was used to clean the drill string after each core
was -removed. Lithium bromide was added to this wash water as a tracer, and its presence in
the core samples indicates contamination by the wash water. This check, through analyses
for lithium and bromide, was prescribed by the SAP (Baldwin 1995c). The SAP established
notification limits of 100 pg/g for lithium and 1,200 pg/g for bromide.

Tables containing lithium and bromide data are in Appendix C. Two segments may have
been contaminated with wash water because they had lithium results above the notification
limit. Segment I of core 99, which contained only one subsegment, had a lithium mean of
115 gg/g (183 pg/mL); quarter segment B of segment 3 from core 99 had a lithium result of
149 pg/g (225 pg/mL). Bromide was not analyzed on core 99 to corroborate the lithium
results, because the sampling and analysis plan (Baldwin 1995c) specifies that all anions be
measured by IC as primary analytes according to the ferrocyanide DQO which includes
bromide. The policy at PNNL, however, is to regard bromide as a separate analyte; all
anions does not include bromide. Because bromide analysis was not specifically requested, it
was not performed. Omitting the bromide analysis had little, if any, impact on the analytical
results. Based on lithium bromide correction calculations, the percent water values of
segment 1 and quarter segment B of segment 4 from core 99 would be about 15 percent
lower (27.15 versus 29.4 percent, and 30.37 versus 35.6 percent, respectively). Only the
segment B, core 99 corrected water result is statistically different than the original analysis at
the 0.05 confidence level. Even with a possible percent error caused by wash water
contamination, these values are above the 17 percent water safety screen criteria. For cores
98 and 104, all lithium results were less than the SAP limit, and all bromide results were less
than the detection limit.

4.1.4 Vapor Data Summary

The safety screening DQO has established a notification limit of 25 percent of the lower
flammability limit for headspace vapors. Prior to removing core samples, tank vapors were
field tested using a combustible gas meter and an organic vapor meter. Lower flammability
limits of 5 percent and 4 percent were observed in risers 12A and 7, respectively. Both
results satisfied the safety screening requirement of < 25 percent of the lower flammability
limit (WHC 1995a).

A full vapor characterization was performed on the tank headspace gases in 1994. The data
from this sampling and analysis can be found in Tank 241-BY-108 Headspace Gas and Vapor
Characterization Results for Samples Collected in March 1994 and October 1994 (Huckaby
and Bratzel 1995). A calculation of the lower flammability limit using the vapor
characterization data showed that the headspace gases were 3.0 percent of the lower
flammability limit.
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5.0 INTERPRETATION OF CHARACTERIZATION RESULTS

This section evaluates the overall quality and consistency of the available results for
tank 241-BY-108 and assesses and compares these results against historical information and
program requirements.

5.1 ASSESSMENT OF SAMPLING AND ANALYTICAL RESULTS

This section evaluates sampling and analysis factors that may impact the use or interpretation
of data. These factors are used to assess the overall quality and consistency of data and to
identify limitations in its use.

5.1.1 Field Observations

The analytical data from the 1995 sampling event was obtained from three cores: core 104
was removed from riser 7 near the center of the tank, and cores 98 and 99 were removed
from riser 12A near the outer edge of the tank. The position of these risers met the
sampling requirements of the safety screening and ferrocyanide DQOs (Babad et al. 1995 and
Meacham et al. 1995). Sample recoveries were generally good for all segments from cores
98 and 104. However, sample recovery was much less than expected for segments 1 and 3
from core 99. This may have been caused by core 99 being removed from riser 12A after
core 98. It was noted upon extrusion that there were several gaps in the samples of all three
cores where solids were not present. The gaps in the first three segments of core 98 were
assumed to be filled with drainable liquid, while those in core 104 were small. The large
gaps in core 99 are less easily explained. When segment recoveries are incomplete, the
representativeness of the sample is more questionable, and biases may be introduced into the
data.

5.1.2 Quality Control Assessment

The quality control assessment includes an evaluation of the four quality control checks
(blanks, duplicates, spikes, and standards) performed in conjunction with the chemical
analyses. Because of the large amount of data collected for tank 241-BY-108, this section
provides only a general evaluation and summary of some key safety areas. The original data
reports (Baldwin 1995b for cores 98 and 104 and Silvers et al. 1995 for core 99) should be
consulted for more detailed quality control information. The SAP (Baldwin 1995c)
establishes the specific accuracy and precision criteria for the four quality control checks.
Samples which had one or more quality control results outside of the criteria have been
identified (by footnoting) in the Appendix A data tables.
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Several quality control results for the total alpha activity standard and spike recoveries for
cores 98 and 104 were outside the normal quality control criteria. However, these deviations
were not significant enough to affect the criticality evaluation. Total alpha activity results for
core 99 were corrected for spike recovery because of absorption effects.

The precision (estimated by the relative percent difference [RPD], defined as the absolute
value of the difference between the primary and duplicate samples, divided by their mean,
times one hundred) between several of the TGA and DSC duplicate pairs was greater than
the limits set by the laboratory. This may be attributable to the very small samples (10 to 20
mg) used in this analysis, which imposes the need for a high degree of homogeneity in the
sample to achieve reproducible results. The variability of the DSC results were taken into
account when evaluating the exothermic data by comparing the 95 percent upper confidence
level of the results against the energetics criteria.

The quality control results for TOC, cyanide, and nickel exhibited reasonable quality for this
waste. Difficulties in producing a highly homogeneous subsample may be responsible for
some of the reproducibility problems observed for these and other analytes. Sodium standard
results for cores 98 and 104 were 50 to 60 percent high, indicating a potential bias in the
results or a standard or sodium contamination problem.

In summary, the vast majority of the quality control results were within the boundaries
specified in the SAP (Baldwin 1995c). As noted in the Appendix A tables, some samples did
have quality control-results outside the.SAP boundaries. However, an evaluation of QC
discrepancies has been made and these discrepancies have not been found to impact either the
validity or the use of the data.

5.1.3 Data Consistency Checks

Comparing different analytical methods can help in assessing data consistency and quality.
Several correlations were possible with the data set provided by the three core samples; they
are given in the subsections below. They include the comparison of phosphorus and sulfur
as analyzed by ICP with phosphate and sulfate as analyzed by IC, and the comparison of
total alpha and total beta with the sum of alpha and beta emitters. Other evaluations include
a homogenization test to reveal whether sample results were consistently duplicated and the
calculation of a mass and charge balance to help assess the overall data consistency data.

5.1.3.1 Comparison of Results from Different Analytical Methods. The following data
consistency checks compare the results from two or more analytical methods for a given
analyte. A close correlation between the two methods strengthens the credibility of both
results, whereas a poor correlation may bring the reliability of the data into question. All
analytical mean results were taken from Table 4-2.
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The analytical phosphorus mean result as determined by ICP was 10,100 pg/g, which
converts to 31,000 pg/g of phosphate. This compares well with the IC phosphate mean
result of 26,000 pg/g. The RPD between these two phosphate estimates was a reasonable
18 percent.

The ICP sulfur value of 6,960 Mg/g converts to 20,100 pg/g of sulfate. This compares
favorably with the IC sulfate result of 23,400 pg/g. The RPD between these two sulfate
estimates was a reasonable 15 percent.

A comparison was made between the gross beta and gross alpha activities with the sum of
the individual beta and alpha emitters. The sum of the activities of the individual alpha
emitters is usually determined by adding "Am and plutonium isotope activities. However,
because "Am was not detected, it was not included in the calculation. The activity sum was
therefore derived by the following equation:

Sum of alpha emitters = "8Pu + ""Pu

The activities of the individual beta emitters were summed as follows:

Sum of beta emitters = (2 * "Sr) + "Cs

Since 'Sr is in equilibrium with its daughter product "Y, the radiochemically measured
value for 'Sr alone must be multiplied by 2-in order to obtain comparable numbers with total
beta. The comparisons are shown in Tables 5-1 and 5-2. The total alpha activity and total
beta RPDs of 16 and 1 percent, respectively, indicate the different analytical results correlate
fairly well.

Table 5-1. Tank 241-BY-108 Comparison of Gross Alpha Activities With the
Total of the Individual Activities.

Aualyt. lf-Ljfe (years Overall Mea p1

28Pu 87.8 0.00659

Pu 24,100 (D'Pu) 0.0459

Sum of alpha emitters 0.0525

Gross alpha 0.0619

Relative percent difference 16%
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Table 5-2. Tank 241-BY-108 Comparison of Gross Beta Activities With
the Total of the Individual Activities.

'Sr 28.6 143 286
1Cs 30.17 258 258
Sum of beta emitters --- 544
Gross Beta 549
Relative percent difference 1%

5.1.3.2 Homogenization Test. To evaluate the adequacy of the laboratory homogenization
procedure on the samples taken from core 99, segment 1 and quarter segment 4B were
homogenized, and subsamples were taken from the top and bottom. Each subsample was
analyzed in duplicate by ICP and gamma energy analysis, and a total of 15 analytes were
evaluated (Silvers et al. 1995). The resulting RPDs between the average of the top and
bottom samples ranged from 1.1 to 19.0 percent. This indicates that a fair degree of sample
homogenization was achieved for these samples, and that sample heterogeneity for the
remainder of the analytes may not be a primary source of error in estimating analyte
concentrations. --However, some analytes may be in a chemical or physical form that would
prevent them from being effectively homogenized, and any analyte near the detection limit
may have large RPDs regardless of sample homogenization efficiency.

5.1.3.3 Mass and Charge Balance. The principle objective in performing a mass and
charge balance is to determine whether the measurements were self-consistent. In calculating
the balances, only analytes listed in Table 4-2, which were detected at a concentration of
5,000 pg/g or greater, were considered.

With the exception of sodium, all cations listed in Table 5-3 were assumed to be in their
most common hydroxide or oxide form, and the concentrations of the assumed species were
calculated stoichiometrically. Because precipitates are neutral species, all positive charge
was attributed to the sodium cation. The acetate and carbonate data were derived from the
total organic carbon and total inorganic carbon analyses, respectively. The other anionic
analytes listed in Table 5-4 were assumed to be present as sodium salts and were expected to
balance the positive charge exhibited by the cations. Sulfur is considered to be present as the
sulfate ion and phosphorus as the phosphate ion. Both species are assumed to be completely
water soluble and appear only in the anion mass and charge calculations (see Section
5.1.3.1). The concentrations of the cationic species in Table 5-3, the anionic species in
Table 5-4, and the percent water were ultimately used to calculate the mass balance. The
uncertainty estimates (RSDs) associated with each analyte and the uncertainty for the cation
and anion totals also are given in the tables.
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Table 5-3. Cation Mass and Charge Data.

Aluminum 39,800 Al(OH) 3  1.15E+05 29.8 0
Iron 7,190 FeO(OH) 11,400 52.8 0
Sodium 1.63E+05 Na+ 1.63E+05 14.2 7,
Uranium 9,470 U30s 11,200 60.0 0

3.01E+05 14.0 7,090

Notes:
Itg/g = microgram per gram
peq/g = microequivalent per gram
RSD (Mean) = relative standard deviation of the mean

Table 5-4. Anion Mass and Charge Data.

AS (Mean) hag
U~

Acetate (TOC)' 11,000 (4,480) 20.5 186
Carbonate (TIC)' 26,700 (5,340) 33.9 890
Fluoride 6,610 26.7 348
Nitrate 2.1E+05 18.5 3,240
Nitrite 27,300 13.0 593
Oxalate 7,500 11.4 170
Phosphate 26,000 24.0 821
Sulfate 23,400 27.9 488
Totals 3.30E+05 12.0 6,740

Note:
'The values in parentheses are from the TOC and TIC analytical results and were used to derive the
acetate and carbonate values on the left.
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The mass balance was calculated from the formula below. The factor 0.0001 is the
conversion factor from pg/g to weight percent.

Mass balance = % Water + 0.0001 x (Total Analyte Concentration)
= % Water + 0.0001 x {Al(OH)3 + FeO(OH) + Na' + U30s + C2H30- + CO 2 + P +
NO + NO2- + (COO)f 2 + P04-' + 5042)

The total analyte concentrations calculated from the above equation was 631,000 pg/g. The
mean weight percent water obtained from thermogravimetric analysis reported in Table 4-2 is
27.2 percent. The mass balance resulting from adding the percent water to the total analyte
concentration is 90.3 percent (see Table 5-5).

The following equations demonstrate the derivation of total cations and total anions; the
charge balance is the ratio of these two values.

Total cations (microequivalents) = Na4 /23.0 = 7,090 microequivalents

Total anions (microequivalents) = C2H30 2159.0 + C0 3 -2/30.0 + F/19.0 + NO/62.0 +
N0 2146.0 + (COO)g2/44.0 + P0 4 -3/31.7 + SOg2/48.1 = 6,740 microequivalents

The charge balance obtained by dividing the sum of the positive charge by the sum of the
negative charge was 1.05.

In summary, the above calculations yield reasonable mass and charge balance values (close to
1.00 for charge balance and 100 percent for mass balance), indicating that the mean
analytical results for the tank were fairly self-consistent.

Table 5-5. Mass Balance Totals.

RS Men Cencentratian

Total from Table 5-3 (cations) 14.0 3.01E+05
Total from Table 5-4 (anions) 12.0 3.30E+05
Water % 19.3 2.72E+05
Grand Total 8.7 9.03E+05
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5.2 COMPARISON OF HISTORICAL AND ANALYTICAL RESULTS

Comparisons were possible between the 1995 analytical results and data from the 1994 auger
sampling event. The 1994 historical sampling event is described in Section 3.4;-the data are-
tabulated in Appendix D. Because the 1994 auger samples were taken from approximately
the top 50.8 cm (20 in.) of waste, their results are compared to averages of only the top
segments of waste from the 1995 sampling (that is, segment 1 of cores 98, 99, and 104).
Table 5-6 shows a comparison of analytical results from the 1994 and 1995 sampling events.

Table 5-6. Comparison of 1994 and 1995 Results.

Anayor Mesurement e1994 s99

Examination of drainable No immiscible organic No immiscible organic layer
liquids layer discernible. discernible.

Organics by gas Normal paraffin Normal paraffin hydrocarbons and
chromatograph/flame hydrocarbons and tributyl phosphate not detected in
ionization detector tributyl phosphate not segment 1 of cores 98 and 104.

detected. These analyses were not performed
on core 99.

Weight percent water 13 percent 26.2 percent'

Total organic carbon 875 lg C/g 2,170 pg C/g'

Notes:
'Baldwin (1995a)

2Campbell et al. (1995a)

3Averages of results from segment 1 of cores 98, 99, and 104.

5.3 TANK WASTE PROFILE

The objective of the 1995 sampling event was to obtain a vertical profile of the waste from
two widely spaced risers (Baldwin 1995c). A vertical profile was obtained from both risers,
allowing a statistical assessment of the vertical and horizontal distribution of the tank waste
for -many of the analytes. The sample recovery was poor for some segments, which may
have biased the analytical results. Information on the vertical disposition of the waste was
also available from the TLM (see Figure 2-3).' According to the TLM, the waste was
composed of three layers. The bottom half is predicted to be PFeCN1 waste, the middle
layer is PFeCN2 waste, and the upper layer is BY saltcake. The bottom two ferrocyanide
layers should be indistinguishable from each other except that the PFeCNl waste should have
more ferrocyanide. These different layers, made up of two different waste types, indicate
that tank contents are expected to be vertically heterogeneous. The visual descriptions of the
extruded cores and segments also imply that tank contents are, to an extent, heterogeneous
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both vertically and horizontally (see Table 3-2) although these differences may or may not be
statistically significant.

The fact that multiple risers, cores, and segments were sampled allowed a statistical
procedure known as the analysis of variance (ANOVA) to be conducted on the 1995 core
samples to determine whether there were horizontal or vertical differences in analyte
concentrations. Three different ANOVA models were used: a three-way, random-effects
nested model was conducted on analytes that had sample information from all three cores, a
two-way, random-effects nested model was conducted on analytes that had sample
information from a single core from both risers, and a simple one-way ANOVA was
conducted on analytes that had sample information from only one core. These analyses were
calculated only for analytes which had more than half of their individual measurements above
the detection limit. Two assumptions were made while conducting these tests: 1) the
population from which these samples were drawn was normally distributed, and 2) the
samples used in making the comparisons had equal variances. The ANOVA generates a
p-value which is compared with a standard significance level (a = 0.05). If a p-value is
below 0.05, there is sufficient evidence to conclude that the sample means are significantly
different from each other. However, if a p-value is above 0.05, there is not sufficient
evidence to conclude that the samples are significantly different from each other. A
two-tailed statistical test was used in all cases.

The results of the ANOVA tests indicated that none of the 11 analytes tested for differences
-between the two risers showed any significance. Only 2 of 35 analytes tested for differences
between the cores showed significance. These two analytes were boron and potassium, with
core p-values of 0.0056 and 0.0074, respectively. On the segment level, however, only 3 of
45 analytes (sulfur, oxalate, and "3Cs with p-values of 0.113, 0.318, and 0.0589,
respectively) tested did not show significant differences. This evidence of vertical
heterogeneity substantiates the TLM and the visual descriptions of the samples. In summary,
the available evidence strongly implies vertical heterogeneity of the waste. Horizontally, the
TLM made no predictions on the waste disposition, and the statistical results gave little
indication of concentration differences.

5.4 COMPARISON OF ANALYTICAL AND TRANSFER DATA

The HTCE of the contents of tank 241-BY-108 is shown in Table 5-7 along with the
concentration estimates from the 1995 analytical results (see Table 4-2). This comparison is
presented for informational purposes only. The HTCE values are generated from a
combination of inputs from the WSTRS (Agnew et al. 1995b), the Hanford Defined Wastes
(Agnew 1995), and the TLM (Agnew et al. 1995a). Each of the three inputs contains
assumptions and/or other factors (such as transfers of an unknown waste type into the tank)
that may impact the HTCE numbers. Because the HTCE values have not been validated,
they should be used with caution.
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Table 5-7. Comparison of Historical Data With 1995 Analytical
Results for Tank 241-BY-108 (2 sheets.

Aluminum 39,800 4,670 158
Calcium 3,370 3,570 6
Chromium 255 790 102
Iron 7,190 40,600 140
Lead 439 5.8 195
Nickel 2,510 3,510 33
Potassium 2,650 233 168
Silicon 1,530 6,210 121
Sodium 163,000 124,000 27
Uranium 9470 963 163

.ON ... 4g ..... gt

CL- 1,550 1,220 24
CN 362 8,2402 183
F 6,660 4,580 37
NO3- 201,000 126,000 46
NO 27,200 9,430 97
p04-3 25,700 18,800 31
S04-2 23,400 92,500 119
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Table 5-7. Comparison of Historical Data With 1995 Analytical
Results for Tank 241-BY-108 (2 sheets).

______________199____TCE___R____tvtPernden'

13Cs 258 107 83
238Pu + 23rn2 0.0525 0.0425 (Pu) 21
"Sr 143 6.32 183

Percent Water 27.2 45.8 51

Total Inorganic Carbon 5,340 1,370 118
Total Organic Carbon 4,480 4,180 7

Notes:
'Brevick et al. (1994a).
This value is converted from the HTCE Fe(CN) concentration of 0.0845 moles/L using the HTCE
density value of 1.6 g/mL.

Comparing the HTCE with the analytical values produced varied results. A total of 22
analytes were compared. Nine analytes (calcium, nickel, sodium, chloride, fluoride, nitrate,
phosphate, total plutonium, and TOC) exhibited RPDs less than 50 percent. Of these, two
analytes (calcium and TIC) exhibited RPDs less than 10 percent. Five analytes (aluminum,
lead, potassium, uranium, and "Sr) exhibited RPDs greater than 150 percent. The RPDs for
the remaining analytes were in between these two extremes.

Other observations can be made by qualitatively comparing analytical results with the
predicted waste type constituents. Aluminum is predicted to be found in higher quantities in
the BY saltcake than in the ferrocyanide waste. In reviewing the subsegment analytical
results in Appendix A, aluminum was found in higher concentrations in the upper segments.
Analytes (bismuth, nickel, and iron) characteristic of PFeCN1 and PFeCN2, ferrocyanide
sludges, were found in higher concentrations in the lower segments as expected.

5.5 EVALUATION OF PROGRAM REQUIREMENTS

The two 1995 tank 241-BY-108 core samples analyzed at the 222-S Laboratory were
acquired to meet the requirements of the safety screening DQO (Babad et al. 1995), the
ferrocyanide DQO (Meacham et al. 1994), the pretreatment DQO (Kupfer et al. 1994), and
the safety program test plan (Meacham 1995). The core sample analyzed at the Pacific
Northwest National Laboratory was governed by the safety screening DQO and the historical
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model evaluation data requirements DQO (Simpson and McCain 1995). This sections
discusses the requirements of each document and compares the analytical data to defined
concentration limits. Any remaining material from the sampling event will be set aside for.
pretreatment studies as identified in the pretreatment DQO.

5.5.1 Safety Evaluation

Data criteria identified in the safety screening DQO (Babad et al. 1995) are used to assess
the waste safety and to check for unidentified safety issues. The DQO requires samples from
two widely spaced risers. This requirement was met. The three primary analyses required
by the safety screening DQO include DSC to evaluate energetics, TGA to measure weight
percent water, and a determination of total alpha activity. For each required analysis, a
notification limit was established by the DQO which, if exceeded, could warrant further
investigation to ensure tank safety. A final requirement of the safety screening DQO was to
determine the flammability of tank headspace vapors. These measurements were taken prior
to removing core samples. The highest measured result was 5 percent of the lower
flammability limit, well below the safety screening limit of 25 percent (WHC 1995a). The
flammability headspace gas of tank 241-BY-108 can also be calculated on results from the
1994 vapor sampling and analysis event (Huckaby and Bratzel 1995). As shown in
Table 5-8, the hydrogen, organic vapor, and ammonia fuel represent a combined total of 3.0
percent of the LFL, well below the safety screening limit of 25 percent of the LFL. At the
reported concentrations, hydrogen, organic vapor, and ammonia do not individually or
collectively represent a flammability hazard.

Table 5-8. Vapor Flammability Results from 1994 Vapor Sampling and Analysis Event.'

Afigyt.LPL 2 a~.............
H2  40,000 ppmv 399 ppmv 1.0 %

Total organics 46,000 mg/M3  594 mg/m 3  1.3 %

NH3  150,000 ppmv 1,040 ppmv 0.7 %

Total: 3.0 %

Note:
'Huckaby and Bratzel (1995).

The safety screening DQO limit for criticality is 41 uCi/g; it is assessed from the total alpha
activity. All results from cores 98 and 104 were well below this limit; the largest single
result was 0.390 pCi/g.

The safety screening DQO has established a notification limit of 481 J/g (dry weight basis)
for the DSC analysis. Of the samples from cores 98 and 104, two quarter segments from
segment 5 of core 104 had averages exceeding the limit: quarter segment 5B (573.0 J/g) and
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quarter segment 5C (528.3 J/g). Two other samples had one result out of a duplicate pair
greater than the threshold: quarter segment 4B of core 98 and a rerun from the same quarter
segment. However, for both samples, the average DSC result was below the limit (473.6
and 445.4 J/g, respectively). The calculation of a 95 percent confidence interval for sample -
results which exceeded a decision limit was also required by the safety screening DQO. The-
results of these calculations are in Baldwin (1995a). For the two samples (quarter segment
4B of core 98 and its rerun) which had averages approaching the 481 J/g limit, the 95
percent upper confidence interval limit exceeded the DQO limit (697.6 and 672.0 J/g,
respectively). Reactive systems screening tool runs will be made on segments with DSC
results exceeding the DQO limit. These results will be reported in a revision to this
document.

The DSC analyses; which exceeded the safety screening notification limit of 481 J/g, were
compared to the energy equivalents of the cyanide and TOC analytical results for a given
subsegment. The cyanide and TOC values were converted to a dry weight basis (see
footnote 1, Table 5-9) using the corresponding percent water result for the specific run for a
given subsegment. The cyanide fuel content was assumed to exist as the species disodium
nickel ferrocyanide (Na2NiFe(CN)6) (Meacham et al. 1994). The necessary conversion of the
cyanide analytical result (dry weight) to the weight percent of the assumed species was
accomplished by the following equation:

Na2NiFe(CN)6 wt% = X pg CN ] I pmol CN] r pmol Na2NiFe(CN)6 ]

g 26 pg CN 6 pmol CN

t316.5 pg Na2NiFe(CN)6  x g x 100 wt%
1 gmol Na2NiFe(CN)6  1 x 106 pg

The resulting weight percent was inserted into the energy equivalent ferrocyanide
concentration equation (Meacham et al. 1994), and the equation was manipulated
algebraically to give the following energy equivalent in J/g:

64,ooo Jig Na2MiFe(CN)6(weight% Na2NiFe(CN)) * = J j - X J/g waste
100 weight% I

The energy equivalent conversion for TOC (based on a sodium acetate average energetics
standard) is calculated by converting the analytical results from pg/g to weight percent
(dividing by 10,000). The entire equation (Babad et al. 1994) is as follows:
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[X g TOC * 1 k I , 30.2cal 4.18J)
g cal

For a given subsegment, the energy equivalent values for cyanide and TOC were added in
column 7 of Table 5-9; the DSC analytical result is in column 8. The sum of the two energy
equivalents were roughly half the DSC results for three of the subsegments and well over
half (88 and 59 percent) the DSC results for the other two.

Table 5-9. Comparison of Differential Scanning Calorimetry Analytical Results
With Total Organic Carbon and Cyanide Energy Equivalents.

Qua Pronry/ A...y.k.. E....... A..y.k..
CoeSegnie.U Duplicte An$ye beslt (pgeg (_ _ W/g) Resat q/g)

98 4(B) Primary TOC 20,900 (32,400) 409 447 509.1
(Rerun) CN- 2,010 (3,110) 37.8! (481.3)

104 5(B) Primary TOC 17,200 (27,600) 348 350 593.5
CM- 99.9 (160) 1.95j 1

104 5(B) Duplicate TOC 13,400 (20,800) 263 265 552.6
CN 94.7 (147) 1.79

104 5(C) Primary TOC 13,600 (21,100) 266 268 548.7
CN- 125 (194) 2.36

104 5(C) Duplicate TOC 13,200 (20,500) 259 261 507.9
CN 117 (181) 2.20

Notes:
CN- = cyanide

'Values in parentheses are the analytical results converted to a dry weight basis using the following
equation:

Xpg/g (wet weight) = Xpg/g (dry weight)
1 - (% water/100)

According to the SAP, the safety screening DQO limit of 17 weight percent water was
superseded on cores 98 and 104 by the ferrocyanide DQO water content requirement.
However, an inspection of the TGA data revealed that 10 subsegments had means below 17
percent. More importantly, a comparison was made between the samples which had DSC
results greater than 481 J/g and their corresponding TGA results. All four samples with
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DSC values over 481 J/g also had water contents of at least 35 percent, even though no
drainable liquid was associated with any of these samples.

Because the ferrocyanide DQO requires analyses on a quarter segment basis, the notification
limits were applied to the data on a quarter segment level. However, only individual limit
excursions are discussed. Also, the ferrocyanide DQO limits were only applied to cores 98
and 104. Primary analyses required by the ferrocyanide DQO include DSC and TGA and
measurements of the cyanide, nickel, and total organic carbon concentrations. The DSC
requirements were the same as those discussed previously for the safety screening DQO.
The actual TGA notification limit listed in the ferrocyanide DQO is as follows:

weight percent water 4/3 (weight percent fuel - 8 weight percent)

However, the SAP has converted this limit into an equation more readily usable by the
laboratory. The applicable assumptions and calculations for this conversion are listed in
Baldwin (1995c). The modified decision limit is as follows:

weight percent water > (0.0223 * DSC exotherm [dry weight]) - 10.7

Using this equation, the minimum water contents (according to the ferrocyanide DQO),
required in the four samples with DSC results above 481 J/g, were calculated. Based on the
DSC result of 558.0 J/g, quarter segment B of segment 4 from core 98 needed 1.74 weight
percent water. The 35.61 percent result was far above that. Similarly, the other three
samples had TGA results well above the required minimum as computed using the
ferrocyanide TGA notification limit.

Recent aging studies of ferrocyanide waste show that the combined effects of temperature,
radiation, and pH during 38 years or more of storage would have destroyed most of the
ferrocyanide originally added to the tanks (Babad et al. 1993; Lilga et al. 1993, 1994, and
1995). This prediction has been confirmed by the tank samples analyzed to date. In order to
determine the extent of ferrocyanide degradation over time, estimates of the total amount of
Na2NiFe(CN)6 originally present in the tank and recent analytical cyanide concentrations are
needed. According to Borsheim and Simpson (1991), 17,500 kg of Na2NiFe(CN)6 were
expected to remain in the tank at the end of the ferrocyanide waste transfer activity in 1957.
This number compares favorably with the Na2NiFe(CN)6 inventory of 23,100 kg calculated
based on the HTCE concentration for Fe(CN)6 ' of 0.0845 moles/L, the HTCE density value
of 1.6 g/mL, and the HTCE total weight for the waste of 1.38E+06 kg. It should be noted
that any comparison between current analytical data to estimates of Na2NiFe(CN)6 originally
found in the tank should be based only on the mean analytical values from the bottom three
segments of each core because ferrocyanide waste has been predicted to comprise
approximately the bottom 67 inches of the tank content (Agnew et al. 1995a). Another
method of estimating the amount of Na2NiFe(CN)6 originally present in the tank would be to
assume that all the nickel currently found in the tank originated from Na2NiFe(CN)6 . The
mean nickel concentration based on the bottom three segments of core 98, 99 and 104 was
3,570 Mg/g. If all the nickel originated from Na2NiFe(CN)6, then the observed nickel
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concentration indicates that 19,200 ug/g of Na2NiFe(CN)6 (25,100 kg of Na2NiFe(CN)),
existed in the tank before degradation. Therefore, these three sources of information place
the original Na2NiFe(CN)6 inventory approximately within the 17,500- to 25,100-kg range.

The recent total cyanide analytical mean based on the bottom three segments of core 98, 99,
and 104 is 421 ug/g (549 kg of cyanide) which is equivalent to 1,110 kg of Na2NiFe(CN)6.Consequently, it appears that 94 to 96 percent (1-1,110/17,500 to 1-1,110/25,100) of the
ferrocyanide complex has decomposed. Even when the highest cyanide analytical mean from
the bottom three segments were used (864 pg/g for core 98 which is equivalent to 2,280 kg
of Na2NiFe(CN)), a significant ferrocyanide degradation of at least 87 percent (1-
2,280/17,500) is obtained.

All quarter segment results as well as the overall mean cyanide analytical result were much
lower than the 39,000 pg/g ferrocyanide DQO limit. No decision limit was specified for the
nickel concentration in the ferrocyanide DQO which was applied to the 1995 sampling and
analysis event (Meacham et al. 1994).

The total organic carbon content notification limit was set at 30,000 gg/g; an'overall tank
mean TOC concentration of 4,480 g/g was found. No quarter segment sample exceeded the
limit with the exception of the TOC value for core 98, segment 4B of 32,400 pg/g which
exceeded this value when compared on a dry weight basis.

The safety program test plan; applicable -to cores 98 and 104, specified two primary
analyses: TOC (discussed previously) and an organic screen. The organic screen targets
determined the presence of tributyl phosphate and normal paraffin hydrocarbons. No
decision limits were established for any analytes. Minor amounts of undecane, tridecane,
tetradecane, pentadecane, nonane, dodecane, decane, and tributyl phosphate were found (see
Section 4.1 for the overall means).

Core 99 was analyzed separately from cores 98 and 104 at the Pacific Northwest National
Laboratory in accordance with the safety screening and historical DQOs. The safety
screening requirements have already been discussed. No exothermic reactions exceeded the
481 J/g limit. The largest total alpha result was 0.450 pCi/g, well below the limit of
41 ACi/g. Two quarter segments from core 99, 2A and 2D, had percent water means below
the safety screening percent water criterion of 17 percent. This segment also contained a
large amount of drainable liquid (230 mL) which was 49.7 percent water. The small
quantities of solids collected for these two segments could have resulted in some moisture
loss during storage and analysis. In addition, the original run on quarter segment A from
segment 3 had a result of 14.1 although the mean for the quarter segment was 24.6 percent.

The historical DQO specifies several analyses including ICP, IC, gamma energy analysis,
and a determination of the "Sr content. All required analyses were run. No notification
limits were established.
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Table 5-10 displays the analyte criteria limits for the DQOs and the test plan. The number
of results, which exceeded each criterion, are also included. Because the samples in which
limits were exceeded have been discussed in the text, they are not addressed in Table 5-10._

Another factor in assessing tank waste safety is heat generation and waste temperature. Heat
is generated in the tanks from radioactive decay. An estimate of the tank heat load was
calculated from the 1995 radionuclide data. Only the radionuclides present in detected
quantities were used in the heat load calculation. Table 5-11 displays the calculated heat
load. As shown, the estimated heat load was 2,830 W or 9,660 Btu/hr. This value
compares favorably with the 2,700 W estimated from the headspace temperature (Kummerer
1994) and is below the 40,000 Btu/hr threshold differentiating high-heat from low-heat tanks
(Bergmann 1991). This value did not compare well with the HTCE estimate of
2,560 Btu/hr. -Because an upper temperature limit is exhibited (see Section 2.4), it may be
concluded that any heat generated from radioactive sources throughout the year is dissipated.

Table 5-10. Data Quality Objective and Test Plan Decision Variables and Criteria.
PtIanry ~Nu xber

Applikabie QO Ap*#kIe Depso4felso CzttriWOtsd
or Tes fNi Cres Varlable &7 Thrmbhodt <ureod

Safety screening, 98, 99, 104 Total fuel -481 J/g 2
Ferrocyanide content
Ferrocyanide 98, 104 Percent water (0.0223 * DSC exotherm None

[dry weight] - 10.7)

Safety screening 98, 99, 104 Percent water 17 weight percent 10
Safety screening 98, 99, 104 Total alpha 41 uCi/g None

(1 g/L)2
Ferrocyanide 98, 104 Cyanide 39,000 pg/g None
Ferrocyanide 98, 104 TOC 30,000 pg/g 1

Notes:
'This column lists the number of sample means outside the limit. Limit excursions for individual
samples have been discussed in detail in the accompanying text.

'Although the actual decision criterion listed in the DQO is 1 g/L, total alpha is measured in pCi/g
rather than g/L. To convert the notification limit for total alpha into a number more readily usable by
the laboratory, it was assumed that all alpha decay originates from 'Pu. Assuming a tank density of
1.5 (from the sampling and analysis plan) and using the specific activity of "Pu (0.0615 Ci/g), the
decision criterion may be converted to 41 pCi/g as follows (Baldwin 1995c):

(ig) ( L) (lm L) (0.0615 Ci) 10' pCi) 61.5 CI
L o mL density g I ) 1 I a density g
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Table 5-11. Tank 241-BY-108 Projected Heat Load.

13Cs 258 3.35E+05 1,580
"Pu 0.00659 8.57 0.279

"pU 0.0459 59.7 1.82
"Sr 143 1.86E+05 1,250
Total 5.21E+05 2,830

5.5.2 Historical Evaluation

In addition to the safety screening DQO, core 99 was analyzed in accordance with the
historical DQO (Simpson and McCain 1995). This DQO strives to quantify the errors
associated with the tank waste composition predictions based on waste transaction history and
waste type compositions. The DQO identifies key components or "fingerprint" analytes for
certain waste types, including ferrocyanide waste. Tank 241-BY-108 was selected as a tank
for historical evaluation because it is expected to contain a thick ferrocyanide waste layer
(Agnew et al. 1995a). The first step in the evaluation is to compare the analytical results
with DQO-defined concentration levels for the "fingerprint" analytes. This comparison
ensures the predicted waste type is in the tank and at the predicted location within the waste
matrix. If the analytical results are 2 10 percent of the DQO levels (ratio of 0.1), the waste
type and layer identification are considered acceptable (Simpson and McCain 1995).

Because ferrocyanide waste is predicted to comprise approximately the bottom 67 inches of
waste in the tank (Agnew et al. 1995a), the fourth segment of core 99 should be completely
composed of this waste type. Table 5-12 compares the concentration levels for ferrocyanide
waste from the historical DQO and the analytical results from segment 4. The analytical
range from all subsegments of segment 4 have been reported. All analytes except bismuth
had analytical results at least ten percent of the DQO-specified level.
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Table 5-12. Comparison of Fingerprint Analytes with Analytical Results.

Analyc__R__u____s_ rc DQ
Fligerpriit Anl eRngiCOnceflratOn LeeRd
Bismuth 902 - 2,874 pg/g 25,000+ ug/g 0.036 - 0.11
Nickel 6,710 - 14,760 pg/g 4,000+ pg/g 1.7 - 3.7
Sodium 1.092E+05 - 60,000 - 1.50E+05 pg/g 1.8 - 2.1

1.283E+05 pg/g
137Cs 71.3 - 2,100 ,sCi/g 8+ uCi/g 8.9 -263

"Sr 354 - 811 pCi/g 4+ pCi/g 89 - 203
Percent water 25.5 - 42.3 % 28 - 81 % 0.91 - 1.5

Notes:
'Analytical result range for segment 4 including all subsegments is from Appendix A.

2 -istorical DQO concentration levels is from Simpson and McCain (1995).

5-18



WHC-SD-WM-ER-533 Rev. 0

6.0 CONCLUSIONS AND RECOMMENDATIONS

The waste in tank 241-BY-108 was core sampled using the rotary mode in July and August,
1995. Three DQOs and a test plan governed the sampling and analysis of cores 98 and 104:
the Tank Safety Screening Data Quality Objective (Babad et al. 1995), the Data Requirements
for the Ferrocyanide Safety Issue Developed through the Data Quality Objectives Process
(Meacham et al. 1994), the Interim Data Quality Objectives for Waste Pretreatment and
Vitrification (Kupfer et al. 1994), and the Test Plan for Samples from Hanford Waste Tanks
241-BY-103, BY-104, BY-105, BY-108, BY-110, 77-103, U-105, U-107, U-108, and U-109
(Meacham 1995). The two DQOs, which governed the sampling and analysis of core 99,
were the safety screening DQO and the Historical Model Evaluation Data Requirements
(Simpson and McCain 1995)., Although not addressed by the SAP, the analyses required by
the Data Quality Objective to Support Resolution of the Organic Complexant Safety Issue
(Turner et al. 1995) were performed while meeting the requirements of the other DQOs and
the test plan. In addition, an internal letter (Kristofzski 1995) directed the laboratories to
perform all feasible analyses of the waste samples on an opportunistic basis, according to the
work load in the laboratory. Sample analyses for cores 98 and 104 were performed at the
Westinghouse Hanford Company 222-S Laboratory, and analyses for core 99 occurred at the
325 Analytical Chemistry Laboratory and the 325 High Level Radiochemistry Laboratory of
the Pacific Northwest National Laboratory.

Analytical results show that the waste contains compounds in a few selected tank areas
capable of exothermic reactions in excess of the 481 J/g notification limit in the safety
screening DQO. Quarter segments 5B and 5C of core 104 exhibited average exothermic
reactions (dry weight) of 573.0 and 528.3 J/g, respectively. In addition, two other samples
had one result of a duplicate pair greater than the limit although the averages were below the
DQO limit. The percent water result from all samples exhibiting high exothermic values
were greater than 35 weight percent water.

Total alpha activities were approximately one-tenth of the safety screening limit. Total
organic carbon and cyanide concentrations, required by Meacham et al. (1994), were well
below their respective limits,.with the exception of one TOC measurement that was slightly
above the limit. Analytical nickel concentrations compare favorably with historical estimates
and indicate that the ferrocyanide has substantially decomposed.

Comparisons were made between the DSC results and the energy equivalents of the TOC and
cyanide results for those quarter segments which had exothermic reactions greater than the
481 J/g limit. For quarter segment 4B of core 98, 80 percent of the DSC result was
accounted for by the TOC energy equivalent, while the cyanide energy equivalent accounted
for another 7 percent. More unsatisfactory correlations were found for the other quarter
segments. The reasons for the discrepancies cannot be fully explained.

6-1



WHC-SD-WM-ER-533 Rev. 0

The estimated tank heat load of 2,830 W was well below the 11,700 W limit that separates
high-heat from low-heat load tanks. The highest LFL measured from the tank headspace was
5 percent, which is significantly lower than the 25 percent limit (WHC 1995a).

In summary, the analytical results from the 1995 rotary core sampling show that
tank 241-BY-108 is safe when compared to the safety screening and ferrocyanide data quality
objectives (Baldwin 1995b). Although some exothermic activity above the safety screening
limit was observed, the fuel content estimate based on the TOC and cyanide results do not
indicate excessive fuel sources are present. In addition, adequate moisture is present for
samples exhibiting exothermic behavior, reducing the potential for reaction propagation. The
tank heat load and head space flammability were both well below their limits.
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A.1 INTRODUCTION

Appendix A shows the chemical and radiological characteristics of tank 241-BY-108 in table
form and in terms of the specific concentrations of metals, ions, radionuclides, total carbon,
physical properties, and organic compounds.

The data table for each analyte lists the following: laboratory sample identification, sample
origin (core/segment/subsegment), an original and duplicate result for each sample, a sample
mean, a mean for the tank in which all cores and segments are weighted equally, a relative
standard deviation, and a projected tank inventory for the particular analyte using the
weighted mean and the appropriate conversion factors. The projected tank inventory column
is not applicable for percent water data. The data are listed in standard notation for values
greater than 0.001 and less than 100,000. Values outside these limits are listed in scientific
notation.

The tables are numbered A-1 through A-76. A description of the units and symbols used in
the analyte tables and the references used in compiling the analytical data are found in the
List of Terms and Section 7.0.

A.2 ANALYTE TABLE DESCRIPTION

The Sample Number column lists the laboratory sample for which the analyte was measured.
For information on sampling rationale, locations, and descriptions of sampling events, see
Section 3.0.

Column two describes the core and segment from which each sample was derived. The first
number listed is the core number. It is followed by a colon and the segment number.

Column three contains the name of the segment portion from which the sample was taken.
This can be the entire segment (whole); drainable liquid (DL); or A, B, C, or D representing
the top, second, third, or bottom segment portion, respectively. Some segment portions are
repeated in the analyte tables, and the second entry is followed by an asterisk. The asterisk
(*) identifies samples from core 99 that were analyzed for metals on a sodium peroxide-
sodium hydroxide fusion. The asterisk indicates Na20 2 - NaOH fusion.

The Result and Duplicate columns are self-explanatory. The Mean column is the average of
the result and duplicate values. All values, including those below the detection level
(indicating the less-than symbol, <), were averaged. If both sample values were
nondetected, the mean is expressed as a nondetected value. Values for the organic
compounds were entered as U if they were nondetected, and a value of 0 was used when
calculating means.
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The result and duplicate values were originally reported to higher significant figures than
shown in the tables. The means were calculated by the laboratory, in a consistent manner,
using these original data. The means may appear to have been rounded up in some cases and
rounded down in others. However, this is because the analytical results are shown in the
tables to only three significant figures, not because the means were incorrectly calculated.

Analytical values for drainable liquids, reported by the laboratory in ag/mL, were converted
to units of pg/g for calculating the overall means for those analytes. A density value of
1.43 g/mL was used for the conversion.

Some of the loX dilution values for sodium were above the range of the IC method used for
determining anion concentrations; therefore, the 50X dilution values were used for this
report.

The tank (or analyte concentration) means for the waste in BY-108 were calculated as
follows:

Segment mean: The arithmetic mean within a core was calculated by averaging the
subsegment multiple analyses results.

Core mean: For each core, the core mean was calculated by averaging the segment means.

Riser mean: For each riser, the riser mean was calculated by averaging the core means
associated with the riser.

Tank mean: The tank (or analyte concentration) mean was calculated by averaging the riser
means. This is referred to as the overall mean in Appendix A.

The relative standard deviation (RSD) of the mean (in percent) is 100 times the standard
deviation of the mean divided by the tank mean. This is referred to as RSD (mean) in the
Appendix A tables. Relative standard deviations of the mean were not computed for analytes
that had at least 50 percent nondetected values or U values. The standard deviation of the
mean was estimated using a hierarchical statistical model fit to the data (Jensen and Liebetrau
1988), and used all data available for a given analyte.

The projected inventory is the product of the tank (or analyte concentration) mean, the
volume of tank waste (863 kL), the specific gravity of the waste, and the appropriate
conversion factors.

The four quality control (QC) parameters assessed on the tank 241-BY-108 samples were
standards, spikes, duplicates, and blanks. The QC results for cores 98, 99, and 104 were
summarized in Section 5.1.2. More specific information is provided with each of the
following appendix tables. Sample and duplicate pairs in which any of the QC parameters
were outside their specified limits are footnoted in column 6 with a 1, 2, 3, 4, 5, or 6 as
follows:
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- "1" indicates that the standard recovery was below the QC limit.

- "2" indicates that the standard recovery was above the QC limit.

- "3" indicates that the spike recovery was below the QC limit.

- "4" indicates that the spike recovery was above the QC limit.

- "5" indicates that the RPD was outside the QC limits.

- "6" indicates that there was some blank contamination.

The QC criteria specified in the SAP (Baldwin 1995c) were different for core 99 than for
cores 98 and 104, and are summarized below:

- Core 99:

90-110 percent recovery for standards and matrix spikes, ± 10 percent for RPDs, and
blanks 5 5 percent of the analyte concentration.

- Cores 98 and 104:

90-110 percent recovery for standards and matrix spikes, ± 10 percent for RPDs, and
blanks s 5 percent of the analyte concentration for all IC and ICP analytes (sludge
and drainable liquid samples), and for DSC and TGA for the sludge samples only.

- 80-120 percent recovery for standards and matrix spikes, ± 20 percent for RPDs, and
blanks S 5 percent of the analyte concentration for TOC, TIC, TC, total alpha, and
the organic screen analytes (sludge and drainable liquid samples), and for DSC and
TGA for the drainable liquid samples only.
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Table A-1. Tank 241-BY-108 Analytical Results: Aluminum (2 sheets).

U.. .. ... ............. I ....ry

7941 99:1 Whole 1.357E+05 1.318E+05 1.338E+05 3  39,800 29.8 51,700
Whole* 1.044E+05 1.354E+05 1.199E+053 ,5

7942 99:2 A 8,327 10,450 9,3895

7932 DL 35,450 pg/mL 34,930 gg/mL 35,190 pg/mL
(24,610 pg/g)

7943 D 70,940 67,090 69,0203

D* 60,890 -- 60,890
7944 99:3 A 37,340 32,120 34,730

A* 25,700 --- 25,700

7935 DL 37,440 pg/mL 37,430 pg/mL 37,440 Ag/mL
(26,180 gsg/g)

7945 99:4 A 14,620 14,340 14,480

A* 15,480 --- 15,480

7946 B 13,070 10,380 11,73056

B* 11,190 --- 11,190

7947 C 7,155 7,158 7,157
C* 7,430 --- 7,430

7948 D 8,608 8,725 8,6676

D* 8,166 --- 8,166

2161 104:1 Whole 23,100 14,600 18,9005

-J

2
C



Tank 241-BY-108 Analytical Results: Aluminum (2 sheets).

Sample ~ ~ ~ ~ ~ ~ .C...:....... ....... lae e n v ral RS ojceMea< Raent Dnuent0r
N..... s...

2162 104:2 A 34,600 55,800 45,2005 Cont'd Cont'd Cont'd
2163 B 42,700 41,700 42,200

2164 C 36,800 32,400 34,600'

2165 104:3 A 29,700 29,400 29,60W'

2166 C 52,900 54,200 53,600
2167 D 31,100 27,900 29,5001

2168 104:4 A 11,800 11,300 11,6005
2169 C 25,200 25,800 25,500
2170 D 27,400 26,300 26,800
2171 104:5 A 23,600 22,600 23,100
2172 B 24,900 24,600 24,700

2174 C 24,200 24,300 24,300

2175 D 21,000 22,300 21,600

Note:
*Na2O2 - NaOH fusion

0

Table A-1.



Table A-2. Tank 241-BY-108 Analytical Results: Antimony (2 sheets).

* 1....R.sl Dupa.e Men J
pg/g1  .g/. ../. ...../. %

.. . . . ..
7941 99:1 Whole

Whole*

129

< 75.6

106

111

1185

7942 99:2 A 91 < 90.17 91

7932 DL < 6.25 gg/mL < 6.25 ug/mL < 6.25 pg/mL
(< 4.37 gig/g)

7943 D < 29.75 < 30.65 < 30.20

D* 58 58

7944 99:3 A < 82.50 < 70.45 < 76.48

A* < 75.3 --- < 75.3

7935 DL < 6.25 pg/mL < 6.25 pg/mL < 6.25 gg/mL
(< 4.37 pg/g)

7945 99:4 A < 92.85 106 99.4

A* < 96.34 --- < 96.35

7946 B 135 148 142

B* < 92.85 --- < 92.85

7947 C 107 84 96'

C* < 95.6 --- < 95.6

7948 D 102 < 114.2 108

D* < 90.83 --- < 90.83

< 186 N/A < 242

104:1 Whole < 199.6 < 198.012161 < 196.4



Table A-2. Tank 241-BY-108 Analytical Results: Antimony (2 sheets).

-apl -oe u -R sutD pk -en -a -S rjce

SMean (es', Ivntrbl-s
... ... .. .~a .u ..........N..... g e...... - - - . - - . ....

2162 104:2 A < 270.4 < 271.0 < 270.713 Cont'd Cont'd Cont'd
2163 B < 271.8 < 300.0 < 285.9'

2164 C < 211.4 < 205.0 < 208.4'

2165 104:3 A < 64.7 < 64.1 < 64.4"'

2166 C < 63.7 < 61.0 < 62.41

2167 D < 92.9 < 105 < 99.01
2168 104:4 A < 89.6 < 89.6 < 89.6

2169 C < 117 < 117 < 117

2170 D < 56.5 < 56.5 < 56.5

2171 104:5 A < 248.3 < 246.1 < 247.2

2172 B < 205.3 210.7 208.0

2174 C < 474.8 < 518.6 < 496.7

2175 D < 298.0 < 296.8 < 297.4

0D



Table A-3. Tank 241-BY-108 Analytical Results: Arsenic (2 sheets).

sagpe <Cor: Sob. ReutDu$cteM> OmeaR' RSD Pftectsd
_Ma (meaw) knvntoryM- -

7941 99:1 Whole 282 222 252 < 116 N/A < 151

Whole* 167 256 2125

7942 99:2 A < 138.9 < 144.3 < 141.6

7932 DL 30 gg/mL 32 pg/mL 31 pg/mL
(22 pg/g)

7943 D 83 73 78

D* 112 --- 112

7944 99:3 A < 132.0 < 112.7 < 122.4

A* < 120.5 --- < 120.5

7935 DL 34 pg/mL 32 pg/mL 33 pg/mL
(23 pg/g)

7945 99:4 A < 148.6 < 136.5 < 142.6

A* < 154.1 -- < 154.1

7946 B 220 214 217

B* < 148.6 --- < 148.6

7947 C < 146.9 115 131

C* < 153.0 --- < 153.0

7948 D < 161.9 < 182.6 < 172.36

D* < 145.3 -- < 145.3

2161 104:1 Whole < 49.90 < 49.10 < 49.50

N
~6

eI
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U)
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Table A-3. Tank 241-BY-108 Analytical Results: Arsenic (2 sheets).

sample Con: Su. Reut Dtpwicate Mean Ova R$Ds Prajentedr
Number Segr...ent ...... ...

2162 104:2 A < 67.60 < 67.75 < 67.681 Cont'd Cont'd Cont'd
2163 B < 67.95 < 75.00 < 71.48'

2164 C < 52.85 < 51.25 < 52.051

2165 104:3 A < 108 < 107 < 108

2166 C < 106 < 102 < 104

2167 D < 155 < 175 < 165

2168 104:4 A < 149 < 149 < 149

2169 C < 196 < 196 < 196

2170 D < 94.1 < 94.1 < 94.1
2171 104:5 A < 62.07 < 61.52 < 61.80
2172 B < 51.33 < 48.17 < 49.75

2174 C < 118.7 < 129.7 < 124.2

2175 D < 74.5 < 74.2 < 74.4

I~)



Table A-4. Tank 241-BY-108 Analytical Results: Boron (2 sheets).

samp.e Coe Sub Reut Dupgeate MWn 'OueD jRBD Projace
. be .. s... ..............

/g/ //gkg
794 I Whole

Whole*
363

1,038

3730

866.
7942 99:2 A 598 149 3745.6

7932 DL 43 ug/mL 40 pg/mL 42 pg/mL
(29 pg/g)6

7943 D 63 64 646

D* 147 --- 1476
7944 99:3 A 1,088 415 752 56

A* 635 -- 6356
7935 DL 44 pg/mL 45 pg/mL 45 gg/mL

(31 pg/g)

7945 99:4 A 293 390 34256

A* 404 404

7946 B 460 405 433'6

B* 433 -- 433

7947 C 828 543 6866
C* 254 --- 254

7948 D 1,119 456 78856

D* 397 -- 397

12161 104:1 Whole < 49.9 56.7
I _____________ I _____________ I. _______ I. ______ I ________

250 70.2

-I
La)

325

Lit
La)
La)

0

IC

0

9: I 383
9-4

153.3 2,
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Table A-4. Tank 241-BY-108 Analytical Results: Boron (2 sheets).

~ _______ Mean (Mew) hnuetwry
Sm.~ c . ..e it ..a... .- '._.__._.N um ber Segment segment - - -----..-.- - - .-........ . ........ ....... .. ....

___ _ __fl pgtgg/ g/ kg
2162 104:2 A < 67.60 < 67.75 <67.682 Cont'd Cont'd Cont'd

2163 B <67.95 < 75.00 < 71.482

2164 C < 52.85 < 51.25 < 52.052

2165 104:3 A < 53.1 < 53.4 < 53.32

2166 C < 53.1 < 50.8 < 52.02

2167 D < 77.3 < 87.6 < 82.52

2168 104:4 A < 747 < 74.7 < 747.

2169 C < 97.9 < 97.9 < 97.92

2170 D < 47.0 < 47.0 < 47.02

2171 104:5 A < 62.07 < 61.52 < 61.802

2172 B 163.3 163.4 163.42

2174 C < 118.7 < 129.7 < 124.22

2175 D < 74.5 < 74.2 < 74.42

.r~.

I

-.



Table A-5. Tank 241-BY-108 Analytical Results: Barium (2 sheets).

________ re: ___.,I'esult DpMct ej (,ea, ,,Manht
ng/z Pgd pg/ nt/i % kg
I t __ __ __ __ __MIRK_

7941 99:1 Whole

Whole*

24

15
< 19.49

23

22

19,

7942 99:2 A < 17.36 < 18.03 < 17.70

7932 DL < 1.25 pg/mL < 1.25 gg/mL < 1.25 pg/mL
(< 0.874 pg/g)

7943 D < 5.949 < 6.129 < 6.039

D* 13 --- 13

7944 99:3 A < 16.50 16 16

A* 17 --- 17

7935 DL < 1.25 pg/mL < 1.25 pg/mL < 1.25 pg/mL
(< 0.874 pg/g)

7945 99:4 A 257 262 260

A* 285 --- 285

7946 B 619 445 5325

B* 556 --- 556

7947 C 87 90 89

C* 99-- 99

7948 D 117 120 119

D* 115 --- 115

< 49.50

124 38.4 161

aU,

eI
LA

Cu

C

104:1 Whole < 49.902161 < 49.10



Table A-5. Tank 241-BY-108 Analytical Results: Barium (2 sheets).

_be s. ..... K2

2162 104:2 A 257.1 409.7 333.45 Cont'd Cont'd Cont'd
2163 B 340.3 329.5 334.9

2164 C 143.9 130.8 137.3

2165 104:3 A 75.10 80.40 77.75
2166 C 258.0 265.0 261.5

2167 D 110 < 87.6 98.8
2168 104:4 A < 74.7 < 74.7 < 74.7

2169 C < 97.9 < 97.9 < 97.9

2170 D < 47.0 < 47.0 < 47.0

2171 104:5 A < 62.07 < 61.52 < 61.80

2172 B 406.2 404.9 405.5

2174 C 599.5 598.1 598.8
2175 D 249.0 263.3 256.1

a'
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Table A-6. Tank 241-BY-108 Analytical Results: Beryllium (2 sheets).

7932 DL <0.2g/0 pg/gg 0.625 p/% kg
7941 99:1 Whole < 9.950 < 9.747 < 9.8481 < 6.73 N/A < 8.75

Whole* < 7.559 < 10.57 < 9.065

7942 99:2 A < 8.680 < 9.015 < 8.848'

7932 DL < 0.625 pg/mL < 0.625 pg/mL < 0.625 pg/mL
(< 0.437 gg/g)

7943 D < 2.975 < 3.065 < 3.021

D* < 4.433 --- < 4.433

7944 99:3 A < 8.250 < 7.043 7.6471

A* < 7.530 --- < 7.530
7935 DL < 0.625 pg/mL < 0.625 gg/mL < 0.625 pg/mL

______ _______(< 0.437 gcg/g)

7945 99:4 A < 9.285 < 8.533 < 8.909'

A* < 9.634 < 9.634

7946 B < 9.980 < 10.08 < IO.0

B* <9.285 -- < 9.285

7947 C < 9.183 c 6.920 < 8.052'

C* <9.560 --- < 9.560

7948 D < 10.12 < 11.42 < 10.77'

D* < 9.083 -- 9.083

2161 104:1 Whole < 4.990 < 4.910 < 4.950

-3
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Table A-6. Tank 241-BY-108 Analytical Results: Beryllium (2 sheets).

......................
Sample Cor:. ub Iesut ___ke__n rIn $D Prjcae

,g/g ______/ Sg/ _% k

2162 104:2 A < 6.760 < 6.775 < 6.768 Cont'd Cont'd Cont'd
2163 B < 6.795 < 7.500 < 7.148
2164 C < 5.285 < 5.125 < 5.205
2165 104:3 A < 5.31 < 5.34 < 5.33
2166 C < 5.31 < 5.08 < 5.20
2167 D < 7.73 < 8.76 < 8.25
2168 104:4 A < 7.47 < 7.47 < 7.47
2169 C < 9.78 < 9.78 < 9.78
2170 D < 4.70 < 4.70 < 4.70

2171 104:5 A < 6.207 < 6.152 < 6.180
2172 B < 5.134 < 4.817 < 4.976
2174 C < 11.87 < 12.97 < 12.42

2175 D < 7.450 < 7.420 < 7.44

00

U,

Ut
U)
U)

0

0



Table A-7. Tank 241-BY-108 Analytical Results:

Bampbe Con Seb.. * es.t ce O.a.......H a

_ _ _ g/g_ _ ,g/g pgg I / % k
7941 99:1 Whole

Whole*

318

< 151.2

< 194.9

< 211.4

256

< 181.3

7942 99:2 A < 173.6 < 180.3 < 177.0

7932 DL < 12.5 pg/mL < 12.5 pg/mL < 12.5 pg/mL
(< 8.74 jsg/g)

7943 D < 59.49 < 61.29 < 60.39

D* < 88.65 --- < 88.65

7944 99:3 A < 165.0 < 140.9 < 153.0

A* < 150.6 - < 150.6

7935 DL < 12.5 pg/mL < 12.5 gg/mL < 12.5 pg/mL
(< 8.74 Ag/g)

7945 99:4 A 1,279 1,369 1,324

A* 1,378 --- 1,378

7946 B 3,245 2,502 2,874A'

B* 2,823 --- 2,823

7947 C 878 926 902

C* 933 - 933

7948 D 1,123 1,174 1,149'

D* 1,075 --- 1,075

< 495 N/A < 644

'C
t T
U)

Bismuth (2 sheets).

Whole < 99.80 < 99.0012161 104:1 < 98.20



Table A-7. Tank 241-BY-108 Analytical Results: Bismuth (2 sheets).

C : CKC( .C 
$ 

.. "-------

2162 104:2 A < 135.2 < 135.5 < 135.4' Cont'd Cont'd Cont'd
2163 B < 135.9 < 150.0 < 143.0'

2164 C < 105.7 < 102.5 < 104.1'

2165 104:3 A < 108 < 107 < 108

2166 C < 106 < 102 < 104

2167 D < 155 < 175 < 165

2168 104:4 A < 149 < 149 < 149

2169 C < 196 < 196 < 196

2170 D < 94.1 < 94.1 < 94.1

2171 104:5 A < 124.1 < 123.0 < 123.6

2172 B 765.6 764.7 765.2

2174 C 2,170 1,800 1,980",

2175 D 1,720 1,770 1,740

t.J
0

Ca
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w
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Table A-8. Tank 241-BY-108 Analytical Results: Cadmium (2 sheets).

Nube &M ea (ea)Invcet1rM g g/ g/ -/ % kg
pow.<1In

99:1 Whole
Whole*

< 29.85

< 22.68

* 29.24

* 31.71

< 29.54

* 27.20

7942 99:2 A < 26.04 < 27.05 < 26.55

7932 DL < 1.875 gg/mL < 1.875 pg/mL < 1.875 pg/mL
(< 1.311 pg/g)

7943 D < 8.924 < 9.194 < 9.059

D* < 13.30 --- < 13.30
7944 99:3 A < 24.75 < 21.13 < 22.94

A* < 22.59 --- < 22.59

7935 DL < 1.875 pg/mL < 1.875 ug/mL < 1.875 pg/mL
(< 1.311 pg/g)

7945 99:4 A < 27.86 < 25.60 < 26.73

A* < 28.90 --- < 28.90

7946 B 57 76 67

B* < 27.86 --- < 27.86

7947 C < 27.55 . < 20.76 < 24.16

C* < 28.68 --- < 28.68

7948 D < 30.36 < 34.25 < 32.31

D* < 27.25 --- < 27.25

2161 1104:1 Whole < 9.980 < 9.820 < 9.900'

< 16.3 N/A

* _ __ _ _ _ _ I,,

< 21.2

t~J

7941



Table A-8. Tank 241-BY-108 Analytical Results: Cadmium (2 sheets).
........................... .... .... ......... "......

____ pgg.......................s--.

2162 104:2 A < 13.52 < 13.55 < 13.541 Cont'd Cont'd Cont'd
2163 B < 13.59 < 15.00 < 14.30'

2164 C < 10.57 < 10.25 < 10.41'

2165 104:3 A < 5.31 < 5.34 < 5.33

2166 C < 5.31 < 5.08 < 5.20

2167 D < 7.73 < 8.76 < 8.25

2168 104:4 A < 7.47 < 7.47 < 7.47

2169 C < 9.78 < 9.78 < 9.78

2170 D < 4.70 < 4.70 < 4.70

2171 104:5 A < 12.41 < 12.30 < 12.35

2172 B < 10.27 < 9.634 < 9.952

2174 C < 23.74 < 25.93 < 24.84

2175 D < 14.90 < 14.84 < 14.87

t6) LA
ci.



Table A-9. Tank 241-BY-108 Analytical Results: Calcium (2 sheets).
..~ ..... I: O

x:, .~ .. ...... htuf u emsa~~... ..... an Jw kr B: npt . g ................
_ _ _ _ _ _ _~..... ._ _ _ _ _ _ _~

7941 Whole

Whole*

739

3,071 3,978

588,

3,52556
7942 99:2 A 1,925 2,164 2,04556
7932 DL < 6.25 pg/mL < 6.25 pg/mL < 6.25 gg/mL

(< 4 .37 pg/g)
7943 D 855 888 8726

D* 1,759 - 1,7596

7944 99:3 A 1,132 1,035 1,0846

A* 3,257 - 3,2576

7935 DL < 6.25 pg/mL < 6.25 gg/mL < 6.25 gg/mL
(< 4.37 pg/g)

7945 99:4 A 11,280 11,410 11,350

A* 16,030 -- 16,030

7946 B 11,870 8,471 10,17056

B* 15,460 -- 15,460

7947 C 15,620 15,520 15,570

C* 20,640 - 20,640

7948 D 7,973 8,038 8,010'

D* 11,460 - 11,460

2161 104:1 Whole 292.4 249.5 271.04

3,370 42.6 4,380

* L I __________

t~J
U)
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Table A-9. Tank 241-BY-108 Analytical Results: Calcium (2 sheets).

Samle Cor: ub. Rsul DplC t M An S 4~ .vrl Rt$Di Prjek e

MaXnn xnqa
Number.Sem segment..........gf t

2162 104:2 A 2,640 4,420 3,5305 Cont'd Cont'd Cont'd
2163 B 2,830 2,740 2,780

2164 C 1,700 1,510 1,6105

2165 104:3 A 1,040 1,120 1,0802

2166 C 3,000 3,060 3,0302

2167 D 1,730 1,470 1,6002

2168 104:4 A 187.0 128.0 157.5'

2169 C 384.0 378.0 381.0

2170 D 99.60 97.10 98.35

2171 104:5 A 450.5 415.0 432.84

2172 B 5,740 5,810 5,770

2174 C 6,360 6,050 6,200'

2175 D 16,400 17,400 16,900

t'.)



Table A-10. Tank 241-BY-108 Analytical Results: Cerium (2 sheets).

S.p C. Resut MawieMa
glt - ntu~

.... sass... . .a ...... M

7941 99:1 Whole < 199.0 < 194.9 < 197.0 < 123 N/A < 160

Whole* < 151.2 < 211.4 < 181.3

7942 99:2 A < 173.6 < 180.3 < 177.0

7932 DL < 12.5 pg/mL < 12.5 pg/mL < 12.5 pg/mL
(< 8.74 psg/g)

7943 D < 59.49 < 61.29 < 60.39

D* < 88.65 --- < 88.65

7944 99:3 A < 165.0 < 140.9 < 153.0

A* < 150.6 --- < 150.6

7935 DL < 12.5 pg/mL < 12.5 pg/mL < 12.5 pg/mL
(< 8.74 pg/g)

7945 99:4 A < 185.7 214 200

A*  < 192.7 --- < 192.7

7946 B < 199.6 < 201.6 < 200.6

B* < 185.7 - < 185.7

7947 C 202 188 195

C* < 191.2 --- < 191.2

7948 D < 202.4 < 228.3 < 215.4

D* < 181.7 --- < 181.7

2161 104:1 Whole < 99.80 < 98.20 < 99.00

t'J
Is,



Table A-10. Tank 241-BY-108 Analytical Results: Cerium (2 sheets).

Numberre... .n se..

2162 104:2 A < 135.2 < 135.5 < 135.4 Cont'd Cont'd Cont'd

2163 B < 135.9 < 150.0 < 143.0

2164 C < 105.7 < 102.5 < 104.1

2165 104:3 A < 108 < 107 < 108

2166 C < 106 < 102 < 104

2167 D < 155 < 175 < 165

2168 104:4 A < 149 < 149 < 149

2169 C < 196 < 196 < 196

2170 D < 94.1 < 94.1 < 94.1

2171 104:5 A < 124.15 < 123.04 < 124.0

2172 B 445.5 446.3 445.9

2174 C < 237.4 < 259.3 < 248.5

2175 D < 149.0 < 148.4 < 148.7

t~J

~t2

9

tJI
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Table A-11. Tank 241-BY-108 Analytical Results: Chromium (2 sheets).

M C :fsIe

g/ .gg ./ .. /. % kg
7941 99:1 Whole

Whole*

146

T27

152

16-9

149

1485"

7942 99:2 A 72 122 97, 6

7932 DL 280 pg/mL 277 pg/mL 279 pg/mL
(195 pg/g)

7943 D 177 173 1756

D* 176 --- 1766

7944 99:3 A 164. 178 1716

A* 154 --- 1546

7935 DL 294 pg/mL 291 gg/mL 293 pg/mL
(205 pg/g)

7945 99:4 A 613 545 5795

A* 619 --- 6196

7946 B 567 398 4835'6

B* 479 --- 4796

7947 C 90 79 85'

C* 97 --- 976

7948 D 103 119 1116

D* 109 --- 1096

2161 104:1 193.10 192.76 92.93

255 34.7

4

332

t'.3
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Table A-11. Tank 241-BY-108 Analytical Results: Chromium (2 sheets).

S.m p .C S.b.. s .. .. .. S

2162 104:2 A 114.5 165.6 140.15 Cont'd Cont'd Cont'd

2163 B 129.6 123.2 126.45

2164 C 138.4 117.0 127.7

2165 104:3 A 146.0 138.0 142.0

2166 C 162.0 163.0 162.5

2167 D 238.0 271.0 254.5'

2168 104:4 A 106.0 104.0 105.0

2169 C 216.0 222.0 219.0

2170 D 201.0 202.0 201.5

2171 104:5 A 403.0 383.5 393.3

2172 B 2,080 2,060 2,070

2174 C 1,200 1,100 1,150

2175 D 217.3 233.3 225.3

00

I
C,,

I
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Table A-12. Tank 241-BY-108 Analytical Results: Cobalt (2 sheets).

Sa~i$Cam Sb ReswV Duptae Mean On i11RSP0

________ _g/g____g ___ _ p__ / _ _ pg/g %__ kg
7941 99:1 Whole 58

Whole* j20
45

35

5236

28'

7942 99:2 A 44 42 435

7932 DL 9 gg/mL 9 pg/mL 9 pg/mL
(6 pg/g)

7943 D 27 31 295.6

D* 19 -- 19

7944 99:3 A 63 50 57.6

A* 22 --- 22

7935 DL 9 pg/mL 9 gg/mL 9 gg/mL
(6 pg/g)

7945 99:4 A 81 71 76'.6

A* 41 41

7946 B 93 89 916

B* 38 38

7947 C 96 74 8556

C 34 --- 34

7948 D 94 129 1125,6

D* 37 --- 37

Whole

34.2 22.7 44.5

k)
'0

< 19.962161 104:1 < 19.64 < 19. 80



Table A-12. Tank 241-BY-108 Analytical Results: Cobalt (2 sheets).

NumpberCr: aRsl DSegmenet O2 erb " xjEtEV

_____ ._Mea (Sau Inekgr

212 142 A 70 27.10 < 27.07' Cont'd Cont'd Cont'd
2163 B C71 30.00 < 28.59'
2164 C<2.4< 20.50 < 20.82'

2 21.4 < 21.5
21661.2 20.3 < 20.8

216 D 09< 35.0 <C 33.0
2168 104:4 A < 29.9 < 29.9 < 29.9
2169 C < 39.1 < 39.1 c 39.1
2170 D < 18.8 < 18.8 < 18.8
2171 104:5 A 29.44 31.53 30.48
2172 B 27.44 < 19.27 23.40
2174 C < 47.48 c 51.86 < 49.67
2175 D < 29.80 < 29.70 c 29.74

U)
0

U,

'-A
U)
U)

a

0



Table A-13. Tank 241-BY-108 Analytical Results: Copper (2 sheets).

.M. ...e. ,. .1.a.

7941 Whole

Whole*

< 19.91 < 19.49 < 19.706

I. I I -.
90 43

7942 99:2 A < 17.36 327 1726
7932 DL 4 pg/mL 4 gg/mL 4 pg/mL

(3 tg/g)
7943 D 234 23 1295.6

D* 20 --- 20'
7944 99:3 A 100 75 885.6

A* 32 -- 326
7935 DL 10 pg/mL 10 gg/mL 10 pg/mL

(7 pg/g)
7945 99:4 A 128 < 17.07 72.66

A* 36 --- 36'
7946 B 63 45 5456

B* 31 --- 31'

7947 C 435 269 3525'6
C* 66 --- 66

7948 D 247 169 20856

D* 105 1056

2161 104:1 Whole < 9.98 < 9.82 < 9.90

< 45.9 N/A < 59.7

I _____________ I _____________ I ________ I ______ I _________

(.3

t.)

9: I



Table A-13. Tank 241-BY-108 Analytical Results: Copper (2 sheets).

$- n .... .. . ... y

2162 104:2 A < 13.52 < 13.55 < 13.54 Cont'd Cont'd Cont'd
2163 B < 13.59 < 15.00 < 14.30
2164 C < 10.57 < 10.25 < 10.41
2165 104:3 A < 10.8 < 10.7 < 10.8
2166 C < 10.6 < 10.2 < 10.4
2167 D < 15.5 < 17.5 < 16.5
2168 104:4 A < 14.9 < 14.9 < 14.9
2169 C < 19.6 < 19.6 < 19.6
2170 D < 9.41 < 9.41 < 9.41
2171 104:5 A < 12.41 < 12.30 < 12.4
2172 B 21.57 22.93 22.25
2174 C < 23.74 < 25.93 < 24.84
2175 D 18.35 20.30 19.325

U)

U,

I
LA

Cb

0



Table A-14. Tank 241-BY-108 Analytical Results: Dysprosium.

M xer .....s...- .
gg/g ,ggp/ sggk

7941 99:1 Whole < 99.50 < 97.47 < 98.48 < 69.4 N/A < 90.2
Whole* < 75.59 < 105.7 < 90.65

7942 99:2 A < 86.81 < 90.17 < 88.49

7932 DL < 6.25 pg/mL < 6.25 pg/mL < 6.25 pg/mL
(< 4.37 pg/g)

7943 D < 29.75 < 30.65 < 30.20

D* < 44.33 -- < 44.33

7944 99:3 A < 82.51 < 70.43 < 76.47

A* < 75.30 < 75.30

79 DL < 6.25 pg/mL < 6.25 gg/mL < 6.25 pg/mL
(< 4 .37 gg/g)

7945 99:4 A < 92.85 < 85.33 < 89.08

A* < 96.34 - < 96.34

7946 B < 99.80 < 100.8 < 100.3
B* < 92.85 < 92.85

7947 C < 91.83 . < 69.21 < 80.52

C* < 95.60 -- < 95.60

7948 D < 101.2 < 114.2 < 107.7

D* < 90.83 < 90.83

cn
0

til

CA
Ca
U)

0

C



Table A-15. Tank 241-BY-l08 Analytical Results: Europium.
..n i ....... ..I ~ ~ ~ ....__ .~ .m . rn

...... .... ... .......-._ _ .. a .__ .......I EWE

whoie
Whole*

< 199.0 < 194.9
t .4 1~

< 151.2 < 211.4

< 197.0

< 181.3
7942 99:2 A < 173.6 < 180.3 < 177.0
7932 DL < 12.5 pg/mL < 12.5 pg/mL < 12.5 pg/mL

(< 8.74 pg/g)
7943 D < 59.49 < 61.29 < 60.39

D* < 88.65 --- < 119.6
7944 99:3 A < 165.0 < 140.9 < 153.0

A* < 150.6 --- < 150.6
7935 DL < 12.5 pg/mL < 12.5 pg/mL < 12.5 ptg/mL

I_ I (< 8.74 pg/g)
99:4 A < 185.7 < 170.7 < 178.2

A* < 192.7 --- < 192.7
B < 199.6 < 201.6 < 200.6
B* < 185.7 --- < 185.7
C < 183.7 < 138.4 < 161.1
C* < 191.2 --- < 191.2
D < 202.4 < 228.3 < 215.4

<C181.7 < 181.7

< 139 N/A < 181

I L~ _ _ _ _ I._ _ _ I_ _ _ _

LA

IY7 I

7946

7947

7948

99: I

79453

ID*



Table A-16. Tank 241-BY-108 Analytical Results: Iron (2 sheets).

Sap es tDsplicate Onek It
.... ______k

Number~~~ .a ...gt . _ __ .e ...... .- ... _ _

7941 99:1 Whole

Whole*

1,488

1,028

971

1,411

1,230"*

1,220'A
7942 99:2 A 5,112 2,510 3,8115,
7932 DL 118 pg/mL 117 pg/mL 118 gg/mL

(82.5 pg/g)

7943 D 710 1,145 9285'6

D* 544 --- 5446
7944 99:3 A 1,608 1,769 1,6896

A* 1,247 --- 1,247'

7935 DL 97 pg/mL 104 mg/mL 101 pg/mL
(70.6 pg/g)

7945 99:4 A 19,490 19,040 19,270

A* 20,150 -- 20,150

7946 B 29,050 21,330 25,1905
B* 27,210 --- 27,210

7947 C 32,260 35,090 33,680
C* 34,810 --- 34,810

7948 D 44,490 44,700 44,600

D* 41,980 41,980

11,210

7,190 52.8 9,350

U)
LA

C,,

LA
La)

CD

0

2161 104:1 Whole 1,000



Table A-16. Tank 241-BY-108 Analytical Results: Iron (2 sheets).

2162 104:2 A 3,140 5,110 4,1255 Cont'd Cont'd Cont'd

2163 B 3,200 3,150 3,175

2164 C 2,21 2,000 2,110

2165 104:3 A 1,330 1,440 1,38W4

2166 C 3,370 3,500 3,440

2167 D 2,630 2,240 2,440'

2168 104:4 A 332.0 297.0 314.5'

2169 C 691.0 754.0 722.5

2170D 311.0 305.0 308.0

2171 104:5 A 2,080 2,000 2,0403

2172 B 17,800 17,700 17,700

2174 C 30,700 -26,500 28,6005

2P75 D 37,600 140,000 138,800

wa'
en

LA

La)

0



Table A-17. Tank 24 1-BY-l108 Analytical Results: Lanthanum (2 sheets).

- -- 42X

.. .... ...
7941 99:1 Whole

Whole*

< 99.5

* 75.55

* 97.47

< 105.7

< 98.49

< 90.63

7942 99:2 A < 86.81 < 90.17 < 88.49

7932 DL < 6.25 pg/mL < 6.25 pg/mL < 6.25 pg/mL
(< 4.37)

7943 D < 29.75 < 30.65 < 30.20

D* < 44.33 --- < 44.33

7944 99:3 A < 82.51 < 70.40 < 76.5

A* < 75.3 --- < 75.3

7935 DL < 6.25 pg/mL < 6.25 pg/mL < 6.25 pg/mL
(< 4.37 pg/g)

7945 99:4 A < 92.85 < 85.30 < 89.08

A* < 96.32 --- < 96.32

7946 B < 99.8 < 100.8 < 100.3

B* < 92.85 --- < 92.85

7947 C < 91.8 < 69.2 < 80.5

C* < 95.6 --- < 95.6

7948 D < 101.2 < 114.2 < 107.7

D* < 90.83 --- < 90.83

< 67.4 N/A < 87.6

U)
-J

aCa
9

U'
U)
U)

0

Whole2161 104:1 49.10< 49.90 < 49.5



Table A-17. Tank 241-BY-108 Analytical Results: Lanthanum (2 sheets).

'g, alll y % 
t

2162 104:2 A < 67.60 < 67.75 < 67.68 Cont'd Cont'd Cont'd
2163 B < 67.95 < 75.00 < 71.48

2164 C < 52.85 < 51.25 < 52.05

2165 104:3 A < 53.1 < 53.4 < 53.3

2166 C < 53.1 < 50.8 < 52.0

2167 D < 77.3 < 87.6 < 82.5

2168 104:4 A < 74.7 < 74.7 < 74.7

2169 C < 97.9 < 97.9 < 97.9

2170 D < 47.0 < 47.0 < 47.0

2171 104:5 A < 62.07 < 61.52 < 61.80

2172 B < 51.33 < 48.17 < 49.75

2174 C < 118.7 < 129.7 < 124.2

2175 D < 74.50 < 74.20 < 74.35

00



Table A-18. Tank 241-BY-l08 Analytical Results: Lead (2 sheets).1 .......... .... .... ... K! .......

S~~~~a~~~~e~ ..r .... ..R n u t * 6 r f r f * d$~. .._ 4 n w
__ __ __ __ _ _ __ __ __ __ _ _ __ __ __ __ _ __ __ __ __ _ _ __ __ __ __ _ __ __ __ __ __ _ ___......_ _ __ __ _ _...._______....._ __ __ _

_- I N

7941 99:1 Whole

Whole*

351

232

256

345

304%0

289'6

7942 99:2 A 159 144 1526

7932 DL 91 gg/mL 91 ug/mL 91 mg/mL
(64 pg/g)

7943 D 106 94 10056

D* 177 --- 1776

7944 99:3 A 167 150 1595'

A* 177 --- 1776

7935 DL 100 Ag/mL 97 jg/mL 98.5 pg/mL
(68.9 gg/g)

7945 99:4 A 1,075 1,156 1,1166

A* 1,154 --- 1,1546

7946 B 1,141 902 1,0225,6

B* 995 --- 9956

7947 C 1,047 1,125 1,0866

C* 1,144 --- 1,1446

7948 D 1,544 1,628 1,5866

D* 2,856 --- 2,8566

439 43.3

U)
*0

571

I n
C,,

a
U)

0

0

Whole < 99.82161 104:1 < 98.2



Table A-18. Tank 241-BY-108 Analytical Results: Lead (2 sheets).
...........

m.....s... e.... ~... .,..._,............ve tor.... tt........~N a......:~j .: j .... ......

2162 104:2 A < 135.2 165.0 150.11 Cont'd Cont'd Cont'd

2163 B 151.6 153.1 152.4'

2164 C 125.9 < 102.5 114.2'

2165 104:3 A < 108 < 107 < 108'4

2166 C 164.0 153.0 158.5'
2167 D < 155 < 175 < 1651
2168 104:4 A < 149 < 149 < 149
2169 C < 196 < 196 < 196
2170 D 127.0 128.0 127.5
2171 104:5 A 191.8 210.2 201.0

2172 B 1,310 1,320 1,320
2174 C 1,860 1,730 1,790

2175 D 2,750 2,900 2,830

41



Table A-19. Tank 241-BY-108 Analytical Results: Magnesium (2 sheets).

......... CWr Psu: -1p.1c". MM
../. g/./g %

7941 99:1 Whole

Whole*

368

186

247

313

3085

250W

7942 99:2 A < 173.6 < 180.3 < 177.1

7932 DL < 12.5 pg/mL < 12.5 pg/mL < 12.5 pg/mL
- (< 8.74 ug/g)

7943 D 75 < 61.29 68

D* 128 --- 128

7944 99:3 A 199 147 1735

A* < 150.6 --- 150.6

7935 DL < 12.5 pg/mL < 12.5 pg/mL < 12.5 pg/mL
(< 8. 7 4 gg/g)

7945 99:4 A 1,293 1,143 1,2185

A* 1,480 -- 1,480

7946 B 1,511 1,199 1,3555,'

B* 1,459 --- 1,459

7947 C 1,141 1,188 1,165
C* 1,280 --- 1,280

7948 D 1,233 1,209 1,221'

D* 1,374 --- 1,374

2161 104:1 Whole < 99.8 < 98.2 < 99.0'

447 31.7

I L ______________ ________ I I

581



Table A-19. Tank 241-BY-108 Analytical Results: Magnesium (2 sheets).

S/g t _____/g pg/g % kg _

2162 104:2 A 665.9 1,110 887.95 Cont'd Cont'd Cont'd
2163 B 690.5 675.7 683.1

2164 C 461.0 399.3 430.15

2165 104:3 A 246.0 257.0 251.54

2166 C 754.0 788.0 771.0

2167 D 394.0 278.0 336.0'

2168 104:4 A < 149 < 149 < 149

2169 C < 196 < 196 < 196

2170 D < 94.1 < 94.1 < 94.1

2171 104:5 A < 124.1 < 123.0 < 123.6

2172 B 1,070 1,010 1,040

2174 C 1,300 1,240 1,270

2175 D 1,140 1,190 1,160

4a.
t'3



Table A-20. Tank 241-BY-108 Analytical Results: Manganese (2 sheets).

Samplej Core:I Su.. Rent ...k. .M..t..

g/_/g/-/ % E kg
7941 99:1 Whole

Whole*

305

24

269

29

28% 6

27'

7942 99:2 A 335 298 317,6

7932 DL < 0.625 pg/mL < 0.625 pg/mL < 0.625 gg/mL
(< 0.437 pg/g)

7943 D 206 285 246.

D* 13 --- 13

7944 99:3 A 746 535 6415,6

A* 15 --- 15

7935 DL < 0.625 yg/mL < 0.625 pg/mL < 0.625 pg/mL
(< 0.437 pg/g)

7945 99:4 A 1024 467 7463,5,6

A* 300 --- 300

7946 B 803 644 7243,5,6

B* 328 --- 328

7947 C 1069 966 1018'.6

C* 366 -- 366

7948 D 1234 1554 1394 3,.6

D* 498 498

209 61.5 272

Li)

tn

l.A
Li)
Li)

0

Whole 13.902161 104:1 14.62 14.26'



Table A-20. Tank 241-BY-108 Analytical Results: Manganese (2 sheets).

omnia~~~~~~~. .... .... ... ankt Mn M D

-s /i pgp/gp/ - Jkg~

2162 104:2 A 70.61 113.9 92.26, Cont'd Cont'd Cont'd

2163 B 66.50 65.56 66.031

2164 C 40.70 34.71 37.7005

2165 104:3 A 21.10 22.40 21.75

2166 C 72.40 74.90 73.65
2167 D 40.70 34.10 37.405

2168 104:4 A < 14.9 < 14.9 < 14.9

2169 C < 19.6 < 19.6 < 19.6

2170 D < 9.41 < 9.41 < 9.41

2171 104:5 A 15.11 14.20 14.65

2172 B 281.6 280.5 281.0

2174 C 409.2 353.2 381.2,1

2175 D 374.9 400.5 387.7

0

tC



Table A-21. Tank 241-BY-108 Analytical Results: Molybdenum (2 sheets).

Sample 1 Core: Su* Res4l Dulvic Me Overall' (:iksD roec
.u.mb r &U AM S ..t M. ....... e t y

pK/M g/M gW/ % kg.
7941 99:1 Whole

Whole*

* 59.7

* 45.35

* 58.48

* 63.43

* 59.1

* 54.39
7942 99:2 A < 52.08 < 54.10 < 53.09
7932 DL 14 gg/mL 14 pg/mL 14 ug/mL

(9.8 Ag/g)

7943 D < 17.85 < 18.39 < 18.12

D* < 26.60 - < 26.60
7944 99:3 A < 49.51 < 42.26 < 45.89

A* < 45.18 --- < 45.18

7935 DL 15 pg/mL 15 pg/mL 15 gg/mL
(10 ng/g)

7945 99:4 A < 55.71 < 51.20 < 53.46
A* < 57.80 -- < 57.8

7946 B < 59.88 < 60.48 < 60.18
B* < 55.71 --- < 55.71

7947 C < 55.10 < 41.52 < 48.31

C* < 57.36 < 57.36

7948 D < 60.73 < 68.49 < 64.61

D* < 54.50 --- < 54.5

< 54.1 N/A

& I I I

< 70.3

1104:1 < 49.1 < 49.52161 Whole < 49.9



Table A-21. Tank 241-BY-108 Analytical Results: Molybdenum (2 sheets).

SS ..,ecC4p.5:.su: :D t~flfl M::.:,R:D Projeted

.. .. '. ' ... ... .........

2162 104:2 A < 67.60 < 67.75 < 67.68 Cont'd Cont'd Cont'd
2163 B < 67.95 < 75.00 < 71.48

2164 C < 52.85 < 51.25 < 52.05

2165 104:3 A < 53.1 < 53.4 < 53.3

2166 C < 53.1 < 50.8 < 52.0

2167 D < 77.3 < 87.6 < 82.5

2168 104:4 A < 74.7 < 74.7 < 74.7

2169 C < 97.9 < 97.9 < 97.9

2170 D < 47.0 < 47.0 < 47.0

2171 104:5 A < 62.07 < 61.52 < 61.80

2172 B < 51.33 < 48.17 < 49.75

2174 C < 118.7 < 129.7 < 124.2

2175 D < 74.50 < 74.20 < 74.35

p.
0~~

U,

a
Is'

U)

0

C

0



Table A-22. Tank 241-BY-108 Analytical Results: Neodymium (2 sheets).

$a~. .t ........ st .. -~ ....1~~ ~~ .. .ea ...... nuo
7941 99:1 Whole

Whole*

101
125

< 97.47

232

99.2

1795.6

7942 99:2 A 108 < 90.17 99.16

7932 DL < 6.25 pg/mL < 6.25 ug/mL < 6.25 pg/mL
(< 4.37 Lg/g)

7943 D < 29.75 < 30.65 < 30.2

D* 108 --- I08'

7944 99:3 A 97 82 89.556

A* 127 --- 1276

7935 DL < 6.25 gg/mL < 6.25 pg/mL < 6.25 pg/mL
(4.37 pg/g)

7945 99:4 A 143 186 1655

A* 145 --- 1456

7946 B 154 176 16556

B* 161 --- 1616

7947 C 191 174 1836

C* 174 --- 1746

7948 D 171 200 1866

D* 199 -- 199'

< 119 N/A

-J

< 155

C12

I
w
U)

0

'C

0

104:1 Whole < 99.802161 < 98.20 I< 99.00



Table A-22. Tank 241-BY-108 Analytical Results: Neodymium (2 sheets).

£Snqpfe Cr.: $ub. Retl Dhp5Ecate; Mea vrl rjce
. ....... ) .. ntcry.

2162 104:2 A < 135.2 < 135.5 < 135.4 Cont'd Cont'd Cont'd

2163 B < 135.9 < 150.0 < 143.0

2164 C < 105.7 < 102.5 <c 104.1

2165 104:3 A < 108 < 107 < 108

2166 C < 106 < 102 < 104

2167 D < 155 < 175 < 165

2168 104.4 A < 149 < 149 <c 149

2169 C < 196 < 196 < 196

217 D < 94.1 <c 94.1 <c 94.1

2171 104:5 A < 124.1 <c 123.0 < 123.6

2172 B < 102.7 <c 96.34 < 99.52

2174 C <c 237.4 <c 259.3 <c 248.4

2175 D cc 149.0 <c 148.4 <c 148.7

00



Table A-23. Tank 241-BY-108 Analytical Results:

-....... - -
OX N X~tonta*l RcZD rjqcuid$SApl Corn: Sib- Result Dpoiebte Mea MeWn (m*n kvntay

pg/tp/g pg/g sggk
1483 98:1 Whole 253.6 244.8 249.23 2,510 41.8 3,260

1484 98:2 A 337.9 359.4 348.7

1485 C 447.4 469.1 458.3

1486 D 1,550 1,550 1,550'

1487 98:3 A 1,280 1,350 1,310

1488 C 1,090 927.3 1,0105

1489 D 744.9 832.1 788.5 4'

1490 98:4 A 14,900 14,800 14,800

1491 B 9,920 9,790 9,850

1492 C 5,650 5,670 5,660
1493 D 3,600 3,610 3,600

7941 99:1 Whole* 473 674 5743'56

7932 99:2 DL 310 pg/mL 306 gg/mL 308 ag/mL
(215 gg/g)

7943 D 532 --- 532

7944 99:3 A 836 --- 836

7935 DL 238 pg/mL 243 pg/mL 241 pg/mL
7935 DL 238 A /mL43 g(169 pg/g)

C

C,,

tA

w
a
C

0

Nickel (2 sheets).



Table A-23. Tank 241-BY-108 Analytical Results: Nickel (2 sheets).

t-mpe Cth: Ash-. RcsRl juiaeM a vrlA I VI______ _ _Mea (y

7945 99:4 A* 46 A

104:1

104:2

104:3

104:4

i1u4:a

B* 16,740 -

Whole

A

B

C

A

D

6,710

7,209
130.4

287.1

275.0

432.5

249.0

118.0

390.0

267.8

385.6

254.0

C 291.0 1297.0
1,080 1,120

I 4 1 _______________

A 760.0
I I.

809.0

14,700

16,740

6,710

7,209

124.21

338.6'"

271.4'

409.0'.5

251.54

294.0

1,100
784.54

C 11,350 j1,360 11,360
D
A

B

C

D

862.0

1,220

921.0

1,170
-t -- I

12,200

12,700

7,810

12,100

12,900

8,340

2891.5
1,200

12,200

12,800

8,080
-1

Cont'd Cont'd Cont'd

Ca
9

U)

0

0

I----~- I----- -

Ut
0

7946

7947

7948

2161

2162

2163

2164

2165

2166

2167

2168

2169

2170

2172

2174

2175

C*

DF*
---

-

891.5



Table A-24. Tank 241-BY-108 Analytical Results: Palladium.

.Oval RSD P.j.ted

N umber~~~~~ ~~~~~ .em n se.....e... .-...-.-.. ..... ......... ............-- - _

7941 99:1 Whole < 597 < 584.8 < 590.9 < 413 N/A < 537
Whole* < 453.5 < 634.3 < 543.9

7942 99:2 A < 520.8 < 541.0 < 530.9
7932 DL < 37.5 pg/mL < 37.5 pg/mL < 37.5 pg/mL

(< 26.2 pg/g)
7943 D < 178.5 < 183.9 < 181.2

D* < 266.0 --- < 266.0
7944 99:3 A < 422.6 < 422.6 < 422.6

A* < 451.8 -- < 451.8

7935 DL < 37.5 cg/mL < 37.5 pg/mL < 37.5 ug/mL
(< 26.2 pg/g)

7945 99:4 A < 557.1 < 512.0 < 534.6
A* < 578.0 --- < 578

7946 B < 598.8 e 604.8 < 601.8

B* < 557.1 --- < 557.1
7947 C < 551.0 < 415.2 < 483.1

C* < 573.6 --- < 573.6
7948 D < 607.3 < 684.9 < 646.1

D* < 545.0 < 545.0

LA

a£0
Y

LA
U)
I-a

(b

0



Table A-25. Tank 241-BY-108 Analytical Results: Phosphorus (2 sheets).

Sample Ca: SY.. Result eMesa r.Pr......dNusher Segqe Iegen Mean (nmua) knvntory

23,900
Whole* 13,821

709g

467,ug/mL

D 2,505

D5* T 233

Arg etg
29,550

715

828

462 pg/mL

2,230

7,079

457 ,g/mL

12,930

5,405-

490

452 pg/mL

14,260

A* 625 ---

B 20,100 28,140

B* 3,840 ---

C 24,630 24,630

C* 1,605 ---

D 26,870 27,830

D* 1,437

32,500

Whole

I Whle 12,8I

7941

A

DL

99:1

99:2

t'j

13,100

7942

7932

7943

7944

7935

7945

7946

7947

7948

2161

99:3

99:4

104:1

A

A*

DL

A

M..g
26,7305

2,2705

769'

465 pg/mL
(325 gg/g)

2,3685
233

6,2425

490

455 pg/mL
(318 pg/g)

13,600

625

24,120

3,840

24,630

1,605

27,350

1,437

10,100 31.4

'-a)
U)

0

'C

0

Whole 33,000 32,800



Tank 241-BY-108 Analytical Results: Phosphorus (2 sheets).

Ntnaber Swgmnt seknt .......---.... < ...--.-..--. , --.---- Ma (ean net
_ _ _ _ ~gF~ %kg

2162 104:2 A 2,340 4,140 3,2405 Cont'd Cont'd Cont'd
2163 B 6,400 4,650 5,520
2164 C 2,050 3,450 2,750
2165 104:3 A 5,210 4,390 4,8004,5
2166 C 3,110 2,370 2,7405
2167 D 4,710 3,510 4,1105
2168 104:4 A 2,600 11,000 6,8004,'
2169 C 6,320 4,030 5,180
2170 D 1,290 1,320 1,300
2171 104:5 A 5,430 5,140 5,290
2172 B 14,200 13,700 13,900
2174 C 12,900 15,800 14,400'

2175 D 19,500 20,700 20,100

U,
U)

a'a
Ut
U)
U)

0

0

Table A-25.



Table A-26. Tank 241-BY-108 Analytical Results: Potassium (2 sheets).

Sampl. Cere: ....es D t & RSD .....

7941 99:1 Whole* 4,498 8,232 6,3651 2,650 54.2 3,450
7932 99:2 DL 2,656 pg/mL 2,614 pg/mL 2,635 ug/mL

I_ (1,842 jg/g)
7943 D 4,416 --- 4,416
7944 99:3 A* 3,879 -- 3,879
7935 DL 2,780 pg/mL 2,811 pg/mL 2,800 pg/mL

(1958 pg/g)
7945 99:4 A* 4,826 --- 4,826
7946 B* 4,904 --- 4,904
7947 C* 4,549 - 4,549
7948 D* 4,777 - 4,777
2161 104:1 Whole 389.0 < 294.6 341.8
2162 104:2 A 570.5 847.6 709.15
2163 B 1,260 1,020 1,1405
2164 C 1,270 1,270 1,270
2165 104:3 A 1,410 1,430 1,420'
2166 C 1,270 1,170 1,220
2167 D 1,030 1,170 1,100
2168 104:4 A 904.0 807.0 855.54-
2169 C 1,800 2,010 1,9055

2170 D 2,120 2,040 6,365

Is,.r~.

C,,

a
tAt
tj)
U)

0

0



Table A-26. Tank 241-BY-108 Analytical Results:

.. ,.. Maw. (.a. inry

2171 104:5 A 1,530 1,390 1,460 Cont'd Cont'd Cont'd
2172 B 1,550 1,460 1,510
2174 C 1,940 2,130 2,040
2175 D 1,890 2,110 2,000

Ut
Ut

C,,

I
LA
U)
U)

0

Potassium (2 sheets).



Table A-27. Tank 241-BY-108 Analytical Results: Rhodium.

Sap* ,Cor: Sub.. Result DpIt4 ea Overall ESDhPrtdted
Number en............. ... .

pg/g pg/g pg/ u g/ kg
7941 99:1 Whole < 597 < 584.8 < 590.9 < 417 N/A < 542

Whole* < 453.5 < 634.3 < 543.9
7942 99:2 A < 520.8 < 541.1 < 531.0
7932 DL < 37.5 pg/mL < 37.5 pg/mL < 37.5 pg/mL

(< 26.2 pg/g)
7943 D < 178.5 < 183.9 < 181.2

D* < 266.0 --- < 266
7944 99:3 A < 495.1 < 422.6 < 458.9

A* < 451.8 - < 451.8

935 DL < 37.5 pg/mL < 37.5 pg/gmL < 37.5 pg/mL
(< 26.2 pg/g)

7945 99:4 A < 557.1 < 512.0 < 534.6
A* < 578.0 -- < 578

7946 B < 598.8 < 604.8 < 601.8
B* < 557.1 --- < 557.1

7947 C < 551.0 < 415.2 < 483.1
C* < 573.6 --- < 573.6

7948 D < 607.3 < 684.9 < 646.1

D* < 545.0 <-- 545.0

(A
ON

Cd,

a
Li'

(A)

0

C

0



Table A-28. Tank 241-BY-108 Analytical Results: Samarium.

U.pe M.. .. .
Nu ber Se t e e ...... ......

2161 104:1 Whole < 99.80 < 98.20 < 99.00 < 131 N/A < 170
2162 104:2 A < 135.2 < 135.5 < 135.4
2163 B < 135.9 < 150.0 < 143.0
2164 C < 105.7 < 102.5 < 104.1
2165 104:3 A < 108 < 107 < 108
2166 C < 106 < 102 < 104
2167 D < 155 < 175 < 165
2168 104:4 A < 149 < 149 < 149
2169 C < 196 < 196 < 196
2170 D < 94.1 < 94.1 < 94.1
2171 104:5 A < 124.1 < 123.0 < 123.6
2172 B < 102.7 < 96.34 < 99.52
2174 C < 237.4 < 259.3 < 248.4
2175 D < 149.0 < 148.4 < 148.7

LA
-4

a
Ci)

9

LA
U)
C,)

0

0



Table A-29. Tank 241-BY-108 Analytical Results: Selenium (2 sheets).

Samp. C. .. ve

Num ber 224.- .(N....) .. e...
____gg /g g g/g % kg

7Y+1 99: I whole < 199.0 < 194.9
- - I *1

Whole* < 151.2 < 211.4

< 197.0

< 181.3
7942 99:2 A < 173.6 < 180.3 < 177.0
7932 DL < 12.5 pg/mL < 12.5 pg/mL < 12.5 pg/mL

(< 8.74 gg/g)
7943 D < 59.49 < 61.29 < 60.39

D* < 88.65 --- < 88.65
7944 99:3 A < 165.0 < 140.9 < 153.0

A* < 150.6 --- < 150.6
7935 DL < 12.5 pg/mL < 12.5 pg/mL < 12.5 gg/mL

(< 8. 7 4 pg/g)
7945 99:4 A < 185.7 < 170.7 < 178.2

A* < 192.7 -- < 192.7
'7946 B < 199.6 < 201.6 < 200.6

B* < 185.7 --- < 185.7
7947 C < 183.7 < 152 < 168

C* < 191.2 --- < 191.2
7948 D < 202.4 < 228.3 < 215.4

D* < 181.7 --- < 181.7
2161 14:1 Whole < 99.80 < 98.20 < 99.00

< 135 N/A < 176

t _____________ I _____________ I ________ I ______ I ________

00

6,

U)



Table A-29. Tank 241-BY-108 Analytical Results: Selenium (2 sheets).

w ... ,..s -~-1- .... ...... (...) nv nt r

2162 104:2 A < 135.2 < 135.5 < 135.4 Cont'd Cont'd Cont'd
2163 B < 135.9 < 150.0 < 143.0
2164 C < 105.7 < 102.5 < 104.1

2165 104:3 A < 108 < 107 < 108
2166 C < 106 < 102 < 104

2167 D < 155 < 175 < 165
2168 104:4 A < 149 < 149 < 149
2169 C < 196 < 196 < 196
2170 D < 94.1 < 94.1 < 94.1
2171 104:5 A < 124.1 < 123.0 < 123.6
2172 B < 102.7 < 96.34 < 99.52
2174 C < 237.4 < 259.3 < 248.4
2175 D < 149.0 < 148.4 < 148.7

Ut

a
(42

I
Lit
La
La

0



Table A-30. Tank 241-BY-108 Analytical Results: Silicon (2 sheets).

.1 ..... ..... ... . ...

.... ..... m....~p n ~am
._ _ _ _ _ _ . .... ... ....... 1 2 ,-11

7941 99:1 Whole

Whole*

6,917

2,650
4,939

4,150

5,9285,6

3,400
7942 99:2 A < 868.1 1,072 970.1

7932 DL < 62.50 yg/mL < 62.50 pg/mL < 62.50 pg/mL
(< 43.71 pg/g)

7943 D 1,183 1,150 1,1676

D* 1,127 - 1,127

7944 99:3 A 1,935 1,582 1,7595

A* 1,086 --- 1,086

7935 DL 108 pg/mL 119 pg/mL 114 gtg/mL
(< 79.7 gg/g)6

7945 99:4 A 2,929 4,696 3,813'

A* 2,720 --- 2,720

7946 B 4,194 4,532 4,363

B* 2,287 --- 2,287

7947 C 2,175 2,045 2,110

C* 1,554 - 1,554

7948 D 2,567 2,746 2,657

D* 1,784 -- 1,784

1,530 51.4 1,990

Whole 200.42161 104:1 378.8



Table A-30. Tank 241-BY-108 Analytical Results: Silicon (2 sheets).

............
2162 104:2 A 315.8 282.2 299.01, Cont'd Cont'd Cont'd
2163 B 268.0 279.3 273.6'
2164 C 220.9 245.2 233.1"

2165 104:3 A 241.0 322.0 281.5"

2166 C 263.0 254.0 258.51

2167 D 431.0 527.0 479.0',

2168 104:4 A 201.0 302.0 251.52,4

2169 C 411.0 420.0 415.52

2170 D 372.0 476.0 424.02,5

2171 104:5 A 2,010 1,950 1,9802

2172 B 3,460 3,340 3,4002

2174 C 2,520 2,550 2, 5 402.

2175 D 1,860 1,970 1,9102

ON



Table A-31. Tank 241-BY-108 Analytical Results: Silver (2 sheets).

-tbe. Sg.... s- . - ..' . 1 1
./ . ../. .. /. ./ % ..kg

7941 99:1 Whole

Whole*

< 29.85

* 22.68

< 29.24

* 31.71

* 29.552

* 27.20
7942 99:2 A < 26.04 < 27.05 < 26.552

7932 DL < 1.875 pg/mL < 1.875 gg/mL < 1.875 pg/mL
(< 1.311 pg/g)

7943 D < 8.924 < 9.194 < 9.0592

D* < 13.30 --- < 13.30

7944 99:3 A < 24.75 < 21.13 < 22.942

A* < 22.59 -- < 22.59

DL < 1.875 pg/mL < 1.875 ug/mL < 1.875 pg/mL
(< 1.311 pg/g)

7945 99:4 A 32 33 332

A* < 28.90 --- < 28.90

7946 B - 29.94 32 312

B* < 27.86 --- < 27.86

7947 C 39 31 352,5

C* < 28.68 --- < 28.68

7948 D 33 38 362,5.6

D* < 27.25 - < 27.25

2161 104:1 Whole < 9.980 < 9.820 < 9.9001

< 49.9 N/A

&I
N)

< 64.9

~0

9

Ut
U)
U)

0

& L I



Table A-31. Tank 241-BY-108 Analytical Results: Silver (2 sheets).

Sale Corn: Su4. Result Duplkate ea Overahl RS Prijeced
Nenber Se u t se e t'~ - -_................ -y

2162 104:2 A < 13.52 < 13.55 < 13.541 Cont'd Cont'd Cont'd
2163 B < 13.59 < 15.00 < 14.30'
2164 C < 10.57 < 10.25 < 10.41'
2165 104:3 A < 10.8 < 10.7 < 10.8
2166 C < 10.6 < 10.2 < 10.4

2167 D < 15.5 < 17.5 < 16.5
2168 104:4 A < 14.9 < 14.9 < 14.9

2169 C < 19.6 < 19.6 < 19.6
2170 D < 9.41 < 9.41 < 9.41

2171 104:5 A < 12.41 < 12.30 < 12.36
2172 B < 10.27 < 9.634 < 9.952
2174 C < 23.74 < 25.93 < 24.84

2175 D < 14.90 < 14.84 < 14.87

a'
U)

N
C,,

a
LA
U)
U)

a

0



7941

Table A-32. Tank 241-BY-108 Analytical Results: Sodium (2 sheets).

Number egDen segmet Geat (} a 3S >fMeadm
pJ/g n/g I g/g sgtg % kg

. . .....

99:1 Whole

Whole*
95,300
N/A

95,730
N/A

95,520'

N/A
7942 99:2 A 2.017E+05 2.016E+05 2.017E+051

7932 DL 2.016E+05 1.880E+05 ptg/mL' 1.948E+05pg/mL
pig/mV (1.362E+05 pg/g)

7943 D 1.399E+05 1.470E+05 1.435E+05'

D* N/A N/A N/A
7944 99:3 A 1.695E+05 1.820E+05 1.758E+051

A* N/A N/A N/A
7935 DL 1.853E+05 1.950E+05 pg/mL' 1.902E+05pgg/mL

pg/mL' (1.330E+05 gig/g)
7945 99:4 A 1.355E+05 1.210E+05 1.283E+05i

A* N/A N/A N/A
7946 B 1.034E+05 1.149E+05 1.092E+05'

B* N/A N/A N/A
7947 C 1.118E+05 1.149E+05 1.1341+05'

C* N/A N/A N/A
7948 D 1.176E+05 1.172E+05 1.174E+051

D* N/A N/A N/A

12161 104:1 Whole 2.19E+05 2.23E+05 2.21E+052
I. _______ _____ I _______

1.63E+05 14.2 2.12E+05

a
Un

(A

0

0



Table A-32. Tank 241-BY-108 Analytical Results: Sodium (2 sheets).

Sample~~~~ C.r. ..>. Re....pict Ma........ - -:- M - - X e
.E . . . . .. .e ........ .a...

_ _ _ _ g g~pg/a W% 7kg
2162 104:2 A 2.17E+05 1.87E+05 2.02E+05'1 Cont'd Cont'd Cont'd
2163 B 1.91E+05 1.94E+05 1.93E+05 2

2164 C 1.83E+05 1.88E+05 1.85E+05 2

2165 104:3 A 1.81E+05 1.83E+05 1.82E+05 2,

2166 C 1.63E+05 1.58E+05 1.60E+05 2

2167 D 1.89E+05 1.91E+05 1.90E+052

2168 104:4 A 2.24E+05 2.21E+05 2.22E+05 2 4

2169 C 1.94E+05 1.85E+05 1.90E+052

2170 D 1.79E+05 1.81E+05 1.80E+05 2

2171 104:5 A 1.87E+05 1.82E+05 1.84E+052

2172 B 1.32E+05 1.30E+05 1.31E+05 2

2174 C 1.25E+05 1.31E+05 1.28E+052

2175 D 1.39E+05 1.47E+05 1.43E+052

Note:

The dilution results were used instead of the original sample results for the drainable liquid, because the sodium concentration in the original
samples was greater than the measurable range of the analytical instrument.

0~a.

yA

M



Table A-33. Tank 241-BY-108 Analytical Results: Strontium (2 sheets).

...-......... ...... ......p C.ke Cre RSD PfroJeced

Nunmer Segmnt -ma)inety
_ g/ _ pg/g pg/__ *g/ % kg_

99:1 Whole

Whole*

27

58

22

70

255

6456
7942 99:2 A < 8.681 < 9.017 < 8.849
7932 DL < 0.625 gg/mL < 0.625 pg/mL < 0.625 pg/mL

(< 0.437 g/g)
7943 D 15 13 14'

D* 35 --- 356
7944 99:3 A 162 201 182'

A* 310 -- 3106
7935 DL 2 pg/mL 5 ug/mL 4 pg/mL (3 pg/g)
7945 99:4 A 12,490 12,750 12,620

A* 13,890 -- 13,890
7946 B 27,380 18,730 23,0555

B* 25,030 - 25,030
7947 C 1,084 1,097 1,091

C* 1,260 -- 1,260
7948 D 1,452 1,471 1,462

D* 1,468 -- 1,468

2161 1104:1 Whole

3,190 66.2 4,150

I I .

7941

0~'
0~~

C,,

Ut

n
IC

0

32.90 34.66536.42



Table A-33. Tank 241-BY-108 Analytical Results: Strontium (2 sheets).

Samnle £oren, b- e Rtsst DupikateY Me
............- -..... ..... ......... . ...... ....... . . ... ....... .. ...... _ ..... _.... ( e u ) I ve t r

Numbe.Sea j~g tg S
2162 104:2 A 101.9 163.5 132.71 Cont'd Cont'd Cont'd
2163 B 104.1 102.1 103.15
2164 C 147.9 130.1 139.0

2165 104:3 A 30.00 34.20 32.10'
2166 C 117.0 120.0 118.5
2167 D 554.0 625.0 589.55

2168 104:4 A 41.70 33.80 37.755
2169 C 130.0 134.0 132.0
2170 D 12.40 13.20 12.80

2171 104:5 A 634.4 611.0 622.7
2172 B 25,600 25,500 25,600
2174 C 39,400 40,000 39,700

2175 D 9,540 10,100 9,820

0~



Table A-34. Tank 241-BY-108 Analytical Results: Sulfur.

Sampe Cre: Sub Reult uplcat Men Oerail RtSD Projected
N (Mmnetn) bnventory-.. ..... ...

Ag/ i/tpgg g% kg
2161 104:1 Whole 1,190 949.3 1,0701, 6,960 30.2 9,050
2162 104:2 A 3,520 3,290 3,4101

2163 B 5,850 5,630 5,740'

2164 C 5,160 4,820 4,990'
2165 104:3 A 3,190 3,320 3,260"

2166 C 2,680 2,760 2,7201
2167 D 7,100 8,860 7,9801,
2168 104:4 A 4,420 3,890 4,160V

2169 C 16,500 16,100 16,300
2170 D 24,200 26,400 25,300
2171 104:5 A 29,200 27,700 28,400

2172 B 5,170 5,060 5,110
2174 C 1,700 2,090 1,90wV
2175 D 907.2 1946.9 [927.0

00
(Si

('a

C,

0



Table A-35. Tank 241-BY-108 Analytical Results: Tellurium.

.... OvlN RSD Pjcted
Numer e segen Meadk ( esu) 1tory

S1 .4.. ... __ -... ......
Whole

Whole*

* 755.0
< 755.9

C 974.7

* 1,057

* 984.9

< 906.5
7942 99:2 A < 868.1 < 901.7 < 884.9
7932 DL < 62.5 pg/mL < 62.5 pg/mL < 62.5 pg/mL

(< 43.7 ug/g)
7943 D < 297.5 < 306.5 < 302.0

D* < 443.3 --- < 443.3
7944 99:3 A < 825.1 < 704.3 < 764.7

A* < 753.0 --- < 753.0
7935 DL < 62.5 pg/mL < 62.5 pg/mL < 62.5 pg/mL

(< 43.7 Ag/g)
99:4 A < 928.5 < 853.3 < 890.9

A* < 963.4 -- < 963.4

B < 998.0 < 1,008 < 1,003
B* < 928.5 -- < 928.5

C < 918.3 < 692.1 < 805.2

C* < 956.0 -- < 956.0

D < 1,012 < 1,142 < 1,077

< 908.3

< 694 N/A < 902

< 908.3
I I I

Ii

C,,

I
LA
U)
U)

0

0

7941 99:

ON

7945

7946

7947

7948



Table A-36. Tank 241-BY-108 Analytical Results: Thallium (2 sheets).

Sape Cr: Su. eutDupIckate Men-eal RS rjce

Numbe Segmnt sementMan~ (mean) Javntory

.. pg/g pg/g pg/g .g .% .kg
7941 99:1 Whole < 995.0 < 974.7 < 984.9 < 479 N/A < 623

Whole* < 755.9 < 1,057 < 906.5
7942 99:2 A < 868.1 < 901.7 < 884.9
7932 DL 76 pg/mL 75 pg/mL 76 pg/mL

(53 ug/g)

7943 D < 297.5 < 306.5 < 302.0

D* < 443.3 --- < 443.3

7944 99:3 A < 825.1 < 704.3 < 764.7

A* < 753.0 - < 753.0
7935 DL 77 pg/mL 77 pg/mL 77 pg/mL

(54 ptg/g)
7945 99:4 A < 928.5 < 853.3 < 890.9

A* < 963.4 --- < 963.4
7946 B < 998.0 < 1,008 < 1,003

B* < 928.5 -- < 928.5
7947 C < 918.3 < 692.1 < 805.2

C* < 956.0 --- < 956.0

7948 D < 1,012 < 1,142 < 1,077

D* < 908.3 --- < 908.3

2161 104:1 Whole < 199.6 < 196.4 < 198.0

-J
0

II
II



Table A-36. Tank 241-BY-108 Analytical Results: Thallium (2 sheets).

Simple Cor: . RP

u,,,,,~ ..... M WL MM ten netr

2162 104:2 A < 270.4 < 271.0 < 271.7' Cont'd Cont'd Cont'd
2163 B < 271.8 < 300.0 < 285.9'
2164 C < 211.4 < 205.0 < 208.2'
2165 104:3 A < 216 < 214 < 215
2166 C < 212 < 203 < 208

2167 D < 309 < 350 < 330
2168 104:4 A < 299 < 299 < 299
2169 C < 391 < 391 < 391
2170 D < 188 < 188 < 188

2171 104:5 A < 248.3 < 246.1 < 247.2
2172 B < 205.3 < 192.7 < 199.0

2174 C < 474.8 < 518.6 < 497.4
2175 D < 298.0 < 296.8 < 297.4

41I

a
rn

a
LA
U)
U)

0
IC

0



Table A-37. Tank 241-BY-108 Analytical Results: Thorium.

mpate Men.........P....
Number Segrment sguet (mt)Ivntor

7941 99:1 Whole < 1,592 < 1,559 < 1,576 < 1,110 N/A < 1,440
Whole* < 1,209 < 1,691 < 1,450

7942 99:2 A < 1,389 < 1,443 < 1,416
7932 DL < 100 pg/mL < 100 yg/mL < 100 gg/mL

(< 69.9 pg/g)
7943 D < 475.9 < 490.3 < 483.1

D* < 709.2 --- < 709.2
7944 99:3 A < 1,320 < 1,127 < 1,224

A* < 1,205 -- < 1,205
7935 DL < 100 gg/mL < 100 yg/mL < 100 gg/mL

(< 69.9 ,g/g)
7945 99:4 A < 1,486 < 1,365 < 1,426

A* < 1,541 -- < 1,541
7946 B < 1,597 < 1,613 < 1,605

B* < 1,486 --- < 1,486
7947 C < 1,469 < 1,107 < 1,288

C* < 1,530 -- < 1,530
7948 D < 1,619 < 1,826 < 1,723

D* < 1,453 < 1,453

-J
t.J



Table A-38. Tank 241-BY-108 Analytical Results: Tin.

~. ...S .SO .&*ta.
CRes Duplicate e o NN Pr..el t.dI*Meat (Aeau), vetr

Bg/g ,g/gpgpg 1 %_ kg
99:1 Whole

Whole*

< 1,990

< 1,512

< 1,949

* 2,114

< 1,970

< 1,813
7942 99:2 A < 1,736 < 1,803 < 1,770

7932 DL < 125 pg/mL < 125 pg/mL < 125 gg/mL
(< 87.4 ug/g)

7943 D < 594.9 < 612.9 < 603.9

D* < 886.5 --- < 886.5

7944 99:3 A < 1,650 < 1,409 < 1,530

A* < 1,506 -- < 1,506

7935 DL < 125 pg/mL < 125 pg/mL < 125 gg/mL
I (< 87.4 ug/g)

99:4 A < 1,857 < 1,707 < 1,782
A* < 1,927 -- < 1,927

B < 1,996 < 2,016 < 2,006

B* < 1,857 - < 1,857

C < 1,837 < 1,384 < 1,611
C* < 1,912 < 1,912

D < 2,024 < 2,283 < 2,154

< 1,817< 1,817

< 1,390 N/A < 1,810

(A
(4
LA)

0

0

7941

-4
(4

7945

7946

7947

7948



Table A-39. Tank 241-BY-108 Analytical Results: Titanium (2 sheets).

Sampe Coe: Sb.. esut Dulicae MenDOeaDl 418 Projed
Sat~~~~~~~p..... .~t ..t....pct .mai mew

N um er Seg en s gme t ....................... . .- - -..-........ - .... ..-- - . ..Se/g pg/g ppg/g /gkg.

7941 99:1 Whole 358 181 270'.6 74.9 29.8 97.4
Whole* 45 70 5856

7942 99:2 A 22 26 2456

7932 DL < 0.625 ug/mL < 0.625 pg/mL < 0.625 pg/mL
(< 0.437 $g/g)

7943 D 23 22 236

D* 22 --- 226

7944 99:3 A 38 28 33 5.6

A* 20 -- 206

7935 DL < 0.625 gg/mL < 0.625 pg/mL < 0.625 pg/mL
(< 0.437 gg/g)

7945 99:4 A 64 56 606

A* 41 -- 416

7946 B 478 412 4455.6

B* 46 466

7947 C 58 56 576
C* 34 - 346

7948 D 76 83 806

D* 40 -- 406

2161 104:1 Whole 10.82 11.39 11.11

-.1

(A
U)
U)

a
IC

0



Table A-39. Tank 241-BY-108 Analytical Results: Titanium (2 sheets).

ple Cor: Su. Re.t DuplIcate ....

pggp/ g/g / g/g % kg

2162 104:2 A 178.8 282.3 230.5' Cont'd Cont'd Cont'd

2163 B 198.0 193.8 195.9

2164 C 121.0 109.2 115.1'

2165 104:3 A 62.70 67.40 65.05

2166C 195.0 201.0 198.0

2167D 78.80 56.90 67.85'

2168 104:4 A < 14.9 < 14.9 < 14.9

2169 C < 19.6 < 19.6 < 19.6

2170 D < 9.41 < 9.41 < 9.41

2171 104:5 A < 12.41 < 12.30 < 12.36

2172B 35.36 32.94 34.15

21I74 C 48.26 44.23 46.24

2175 D 46.14 48.60 47.37

& ~ ~ iR "Mod:_______

-.3
LA

a
(it
('3
'I)

a
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Table A-40. Tank 241-BY-108 Analytical Results: Tungsten.

S pk Resut Dupn katerMetn

7941 99:1 Whole < 995.0 < 974.7 < 984.9 < 744 N/A < 967
Whole* < 755.9 < 1,057 < 906.5

7942 99:2 A < 868.1 < 901.7 < 884.9

7932 DL 63 pg/mL < 62.5 ug/mL 63 pg/mL
(44 ug/g)

7943 D < 297.5 < 306.5 < 302.0

D* < 443.3 --- < 443.3

7944 99:3 A < 825.1 < 704.3 < 764.7

A* < 753.0 --- < 753.0

7935 DL 776 pg/mL 772 pg/mL 774 gg/mL
(541 pg/g)

7945 99:4 A < 928.5 < 853.3 < 890.9

A* < 963.4 --- < 963.4

7946 B < 998.0 <1,008 c 1,003

B* < 928.5 -- < 928.5

7947 C < 918.3 < 692.1 < 805.2

C* < 956.0 --- < 956.0

7948 D < 1,012 < 1,142 .< 1,077

D* < 908.3 --- < 908.3

-J
0~~

Cn
y)

t , 1



Table A-41. Tank 241-BY-108 Analytical Results: Uranium (3 sheets).

- %X- - . x 1xx: NX1 M ISample Core: 6S- Result DuI p mea Oeail RsD rjce
to " ...... _ _ __ -x M ez..M .g . ( ..... .. ry

___ __ __ __ _ __ g_ __ _ sgg ___ __ __ __ __ g_ % kg__

99:1 Whole < 3,980 < 3,899 < 3,9401

Whole' 1101 1102 102

Whole* < 3,023 < 4,228 < 3,626

7942 99:2 A < 3,472 < 3,607 < 3,5401

A' 22.0 30.5 26.3

7932 DL < 250 gg/mL < 250 yg/mL < 250 pg/mL
(< 175 pg/g)

7943 D < 1,190 < 1,226 < 1,2081

D' 126 124 125

D* < 1,773 --- < 1,773

7944 99:3 A < 3,300 < 2,817 < 3,059'

A' 501 535 518

A* < 3,012 --- < 3,012

7935 DL < 250 gg/mL < 250 pg/mL < 250 pg/mL
(< 175 pg/g)

99:4 A 30,960 31,600 31,2801

A' 32,300 31,900 32,100

A* 33,220 --- 33,220

B 61,810 46,560 54,19015

B1 54,900 48,600 51,800

54,72054,720

9,470 60.0 12,300

Cd,

Ut
tj~
Li.)

0

0

7941

-a
-J

7945

7946



Table A-41. Tank 241-BY-108 Analytical Results: Uranium (3 sheets).

Sampe Coe: ub--Reslt Dpliate eanOnrdI RS) Prejected

u. r s ..t ._Meo. (meam) kvent.ry
______/_ g/gpg/g %k

7947 99:4 C 40,880 44,370 42,6301 Cont'd Cont'd Cont'd
Cont'd C' 46,700 48,200 47,500

C* 46,940 -- 46,940
7948 D 51,490 51,630 51,560

Di 45,800 50,400 48,100
D* 50,670 -- 50,670

2161 104:1 Whole < 399.2 < 392.8 < 396.0
2162 104:2 A < 540.8 < 542.0 < 541.4

2163 B < 543.6 < 600.0 < 571.8
2164 C < 422.8 < 410.0 < 416.4

2165 104:3 A < 531 < 534 < 533
2166 C < 531 < 508 < 520

2167 D 1,180 1,340 1,2605

2168 104:4 A < 747 < 747 < 747
2169 C < 978 < 978 < 978

2170 D < 470 < 470 < 470

00



Table A-41. Tank 241-BY-108 Analytical Results: Uranium (3 sheets).

Sape &W Sb Rsl DwpktW e Oral nS Poece
_ _ _ M (mua) nety

2171 104:5 A 1,600 1,540 1,570 Cont'd Cont'd Cont'd
2172 B 15,400 15,400 15,400
2174 C 47,400 49,800 48,600
2175 D 50,300 53,300 51,800

Note:

Results from the laser fluorimetry analysis.

-J
'0

C-,

U,

w

Cb

C



Table A-42. Tank 241-BY-108 Analytical Results: Vanadium (2 sheets).

Saepie Coe S£. Resnt DuplIcte Mess Overel RsD Pwojed
Nun*er ...s....

7941 99:1 Whole 57 48 535 < 47.3 N/A < 61.5
Whole* 57 55 56

7942 99:2 A < 17.36 < 18.03 < 17.70
7932 DL < 1.25 pg/mL < 1.25 pg/mL < 1.25 pg/mL

(< 0.874 gg/g)
7943 D 7 < 6.129 7

D* 15 - 15

7944 99:3 A 22 22 226

A* 19 -- 19

7935 DL < 1.25 pg/mL < 1.25 pg/mL < 1.25 pg/mL
(< 0.874 pg/g)

7945 99:4 A 23 27 25'

A* < 19.27 -- < 19.27

7946 B 28 29 29'

B* 20 --- 20

7947 C 28 25 27

C* < 19.12 --- < 19.12

7948 D 26 32 2956

D* 21 -- 21

2161 104:1 Whole 69.40 67.92 68.661

0
0



Table A-42. Tank 241-BY-108 Analytical Results: Vanadium (2 sheets).

Satpt* Core: l Re*t Dptate.................Mera.R.. P.rjtd
Number Sgent seg ........... ).... . r .

2162 104:2 A < 67.60 < 67.75 < 67.68 Cont'd Cont'd Cont'd
2163 B < 67.95 < 75.00 < 71.48
2164 C < 52.85 < 51.25 < 52.05
2165 104:3 A < 53.1 < 53.4 < 53.3
2166 C < 53.1 < 50.8 < 52.0
2167 D < 77.3 < 87.6 < 82.5
2168 104:4 A < 74.7 < 74.7 < 74.7
2169 C < 97.9 < 97.9 < 97.9
2170 D < 47.0 < 47.0 < 47.0

2171 104:5 A < 62.07 < 61.52 < 61.80
2172 B < 51.33 < 48.17 < 49.75
2174 C < 118.7 < 129.7 < 124.2

2175 D < 74.50 < 74.20 < 74.35

00
-a

t~r1



Table A-43. Tank 241-BY-108 Analytical Results: Yttrium.
.. .. .. . ....~....... ..M~

Sapr "C , sb- teat.......... ....k.............. ~~~~~~~~... ....__ _____ _____ e . na) fee
N..... .~ua .e n i .. .' -........

pg/g _ Pg/g pg/ 3/g kg
7941 99:1 Whole < 19.90 < 19.49 < 19.70 < 14.4 N/A < 18.7

Whole* < 15.12 < 21.14 < 18.13

7942 99:2 A < 17.36 < 18.03 < 17.70

7932 DL < 1.25 pg/mL < 1.25 pg/mL < 1.25 pg/mL
(< 0.874 jsg/g)

7943 D < 5.949 < 6.129 < 6.039

D* < 8.865 -- < 8.865
7944 99:3 A < 16.50 < 14.09 < 15.30

A* < 15.06 -- < 15.06
7935 DL < 1.25 pg/mL < 1.25 gg/mL < 1.25 pg/mL

(< 0.874 pg/g)
7945 99:4 A < 18.57 < 17.07 < 17.82

A* < 19.27 -- < 19.27
7946 B < 19.96 < 20.16 20.06

B* 20 --- 20

7947 C 21 21 21
C* 20 -- 20

7948 D 24 25 25

D* 25 --- 25

80
K)3

0
IC



Table A-44. Tank 241-BY-108 Analytical Results: Zinc (2 sheets).

npe CS: SS. 4 Resa.. .k. . -
_ _ - _ _ _ /__ g/g g/g spg/g %A kg
99:1 Whole

Whole*

< 39.8U

42

< 38.99
50

< 39.40

46'

7942 99:2 A 71 250 16056

7932 DL 7 pg/mL 7 pg/mL 7 pg/mL
(5 pg/g)

7943 D 50 49 50

D* 32 --- 32

7944 99:3 A 103 98 1016

A* 69 --- 69

7935 DL 12 pg/mL 12 pg/mL 12 pg/mL
(8.4 gg/g)

7945 99:4 A 297 228 2635'6

A* 235 --- 235

7946 B 63 < 40.32 52

B* 150 -- 150

7947 C 354 310 3325'6

C* 247 -- 247

7948 D 396 368 382

D* 303 --- 303

2161 104:1 Whole

83.5 33.4

44.4637.93
* I I

109

0
w)

I.

'a
9
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U)
U)

0
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Table A-44. Tank 241-BY-108 Analytical Results:
4- -

SSmpfe Car S-b. Result DSikt Mn Oeai RS Pgce
Nwuer ~w _______ K Mea (mean) hvetwry

Spg gg gg/ g /g % kg
2162 104:2 A 30.57 40.29 35.4315 Cont'd Cont'd Cont'd

2163 B 32.24 33.76 33.00'

2164 C 31.29 30.30 30.791

2165 104:3 A 33.90 25.90 29.9O' 0

2166 C 35.90 30.20 33.O5"3

2167 D 32.30 32.10 32.20'

2168 104:4 A 20.80 17.90 19.355

2169 C 30.90 26.30 28.6(?

2170D 28.30 24.80 26.555
2171 104:5 A 26.43 23.91 25.17

2172 B 250.8 247.2 249.0

2174 C 245.9 225.6 235.7

2175 D 225.3 234.6 230.0

. . .. ..

0
1t

Zinc (2 sheets).



Tank 241-BY-108 Analytical Results: Zirconium (2 sheets).

nrpe Cne uyRsltDpicaaeMa Orera!! RSD ProJet
Sampl cttt- pizu- M .. (man) n

__ g## ~ g %kg

7941 99:1 Whole 174 187 1816 < 34.7 N/A < 45.1

Whole* N/A N/A N/A

7942 99:2 A < 17.36 < 18.03 < 17.70

7932 DL < 1.25 pg/mL < 1.25 pg/mL < 1.25 pg/mL
(< 0.874 Jg/g)

7943 D < 5.949 < 6.129 < 6.039

D* N/A N/A N/A

7944 99:3 A < 16.50 < 14.09 < 15.30

A* N/A N/A N/A

7935 DL < 1.25 pg/mL < 1.25 pg/mL < 1.25 zg/mL
(< 0.874 pg/g)

7945 99:4 A < 18.57 < 17.07 < 17.82

A* N/A N/A N/A

7946 B 33 < 20.16 27

B* N/A N/A N/A

7947 C < 18.37 < 13.84 < 16.11

C* N/A N/A N/A

7948 D < 20.24 < 22.83 < 21.54

D* N/A N/A N/A

2161 104:1 Whole < 9.980 < 9.820 < 9.9003

06
LA

U)

0a
LA
U)
L.a

0

0

Table A-45.



Table A-45. Tank 241-BY-108 Analytical Results: Zirconium (2 sheets).

RtwkDvpta*mean (meau) Jkmetury
A ......... /pg/g /g %. kg

2162 104:2 A 20.87 35.17 28.023, Cont'd Cont'd Cont'd

2163 B 15.96 < 15.00 15.48

2164 C < 10.57 < 10.25 < 10.41

2165 104:3 A < 10.8 < 10.7 < 10.83

2166 C 20.10 20.20 20.15

2167 D < 15.5 < 17.5 < 16.5

2168 104:4 A < 14.9 < 14.9 < 14.9

2169 C < 19.6 < 19.6 < 19.6

2170 D < 9.41 < 9.41 < 9.41

2171 104:5 A < 12.41 < 12.30 < 12.36

2172 B < 10.27 < 9.634 < 9.952

2174 C 31.16 < 25.93 28.55

2175 D < 14.90 < 14.84 < 14.87

00
ON

Cd,
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Table A-46. Tank 241-BY-108 Analytical Results: Chloride (2 sheets).

Sample~ C. e: Ss. Resut D 0lcae&OnraN RtSD Projected

_.__..._ _M(men) Mveotory
_____ __________jg/g gggp/ ggk

2484 98:1 Whole 1,030 1,320 1,1805 1,540 9.66 2,000
1373 DL 4,920 pg/mL 5,020 ug/mL 4,970 pg/mL

1 _(3,480 pg/g)
2490 98:2 A 1,360 1,320 1,340
1427 DL 3,740 pg/mL 3,790 pg/mL 3,760 pg/mL

(2,630 pg/g)
2491 C 1,780 1,550 1,6705
2492 D 2,180 2,110 2,140

2493 98:3 A 1,500 1,750 1,6205
1430 DL 4,010 pg/mL 4,030 pg/mL 4,020 pg/mL

(2,810 pg/g)
2494 C 1,320 1,870 1,60('
2495 D 1,760 1,420 1,5905
2496 98:4 A 1,340 1,260 1,300
2497 B 910 1,300 i,ioo5
2498 C 2,030 1,690 1,86(

3707 D 1,200 1,270 1,240

7941 99:1 Whole 700 700 70(

7942 99:2 A 800 800 800
7932 DL 3,300 pg/mL 3,300 pg/mL 3,300 pg/mL

(2,310 pg/g)
7943 D 1,200 1,100 1,150

00



Table A-46. Tank 241-BY-108 Analytical Results: Chloride (2 sheets).

m....a... ........... .........ea) n nt r- - y/gpggg/ p/ % k

7944 99:3 A 1,200 1,100 1,150 Cont'd Cont'd Cont'd
7935 DL 3,400 tg/mL 3,400 g/mL 3,400 pg/mL

(2,380 pug/g)
7945 99:4 A 1,400 1,200 1,300C
7946 B 1,600 1,400 1,5005

7947 C 1,400 1,300 1,350
7948 D 1,300 1,100 1,200
2536 104:1 Whole < 210 < 210 < 210'
2558 104:2 A 1,620 474 1,0505
2559 B 1,120 1,400 1,260

2560 C 1,520 1,400 1,460
2561 104:3 A 1,820 1,670 1,740
2562 C 1,480 970 1,2205

2563 D 1,440 1,520 1,480
2564 104:4 A 1,840 2,060 1,950

2565 C 2,350 2,090 2,22(P

2566 D 2,010 2,090 2,050
2568 104:5 A 2,390 1,760 2,0805
2569 B 2,570 2,750 2,660
2570 C 3,590 2,870 3,2305
2571 D 1,710 1,720 1,720'

0
00



Table A-47. Tank 241-BY-108 Analytical Results: Cyanide (2 sheets).

Onhfl MD Hf~u
Sampie Ci: $.. Ret .u.lk.e.. . .e ...

sg/g weg g/ 1gg % kg
1390 98:1 Whole 350.0 364.0 357.04 362 65.8 471

1404 98:2 A 293.0 302.0 297.5

1399 C 201.0 195.0 198.02

1396 D 351.0 340.0 345.5

1431 98:3 A 166.0 165.0 l65.53

1432 C 92.80 111.0 lO1.95

1433 D 286.0 265.0 275.5

1419 98:4 A 1,740 1,900 1,820'

1420 B 2,010 1,720 1,8605

11 C 1,850 1,880 1,860

1422 D 2,890 3,080 2,980

7941 99:1 Whole < 260 95 1783

7942 99:2 A 116 120 118

7932 DL 715 pg/mL 711 pg/mL 713 pg/mL
(499 .. g/g)3

7943 D 149 135 142

7944 99:3 A 195 191 193

7935 DL 521 pg/mnL 532 pg/mL 527 pg/mL
_______ _______(368 pg/g)

00
Cz



Table A-47. Tank 241-BY-108 Analytical Results: Cyanide (2 sheets).

-* M, -- 1, - --

p:uf .c.. ..... .. .....

F~~lg F~lg ,g/gs/g %k

7945 99:4 A 742 760 751 Cont'd Cont'd Cont'd
7946 B 1,660 1,650 1,660

7947 C - 1,660 1,660

7948 D 1,150 - 1,150

1925 104:1 Whole 60.20 57.40 58.801,3

1966 104:2 A 69.80 62.90 66.35'

1967 B 112.0 80.80 96.40

1968 C 390.0 310.0 350.0,.

1969 104:3 A 163.0 161.0 162.02

1970 C 150.0 160.0 155.0

1971 D 181.0 166.0 173.5

1972 104:4 A 68.00 49.90 58.95'

1973 C 79.80 75.40 77.603

1974 D 39.80 38.87 39.33

1975 104:5 A 36.50 39.40 37.95

1976 B 99.90 94.70 97.304

1977 C 125.0 117.0 121.03

1978 D 98.40 98.30 98.35'

C



Table A-48. Tank 241-BY-108 Analytical Results: Fluoride (2 sheets).

Sample Ce:t Su. e2$ ulcaeM TheraiF RtSD Prqjedted
Number Segment Mee-gJventw~

2484 98:1 Whole 4,100 3,910 4,010 6,610 26.7 8,590
1373 DL < 632 pg/mL < 632 pg/mL < 632 pg/mL

1_ 1_ (442 pg/g)

2490 98:2 A 6,940 6,630 6,780
1427 DL < 632 pg/mL < 632 mg/mL < 632 pg/mL

(442 gg/g)
2491 C 13,200 8,810 11,0003
2492 D 11,400 17,400 14,4005
2493 98:3 A 9,730 11,900 10,8005

1430 DL < 632 pg/mL < 632 gg/mL < 632 pg/mL
(442 pg/g)

2494 C 13,100 12,800 13,000
2495 D 29,600 32,400 31,0003
2496 98:4 A 6,860 10,800 8,8305
2497 B 375 3,670 2,0205
2498 C < 136 < 132 < 134
3707 D 456.4 452.0 454
7941 99:1 Whole 6,600 5,400 6,0W
7942 99:2 A < 500 < 500 < 500
7932 DL < 400 pg/mL < 400 Ag/mL < 400 pg/mL

(280 pg/g)
7943 D 3,900 3,800 3,850



Table A-48. Tank 241-BY-108 Analytical Results: Fluoride (2 iheets).

samp CrM sS6. Res7t D...k.te . .

7944 99:3 A 5,600 4,800 5,2001 Cont'd Cont'd Cont'd
7935 DL < 600 ug/mL < 600 pg/mL < 600 yg/mL

(420 pg/g)

7945 99:4 A 8,300 5,200 6,750
7946 B < 600 < 500 < 550
7947 C < 600 < 500 < 550
7948 D < 500 < 400 < 450
2536 104:1 Whole 5,750 11,000 8,3803"

2558 104:2 A 4,280 3,170 3,7205
2559 B 7,290 5,920 6,60W5

2560 C 6,700 5,930 6,3205
2561 104:3 A 5,170 5,380 5,280
2562 C 3,380 8,720 6,050',
2563 D 8,200 8,280 8,240

2564 104:4 A 7,660 8,650 8,1605

2565 C 12,600 12,700 12,600
2566 D 19,300 19,000 19,200

2568 104:5 A 26,400 23,400 24,9005

2569 B 5,540 3,770 4,6505

2570 C < 966.2 < 911 < 939
2571 D < 86.6 96.40 91.5

tJ
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Table A-49. Tank 241-BY-108 Analytical Results: Nitrate (3 sheets).

samp.e COr ReslnDI*st Ma Mc fmcn nventory
__g/g jg/g pg_ _g/_%k

2484 98:1 Whole 1.55E+05 1.44E+05 1.50E+05 2.O1E+05 18.5 2.61E+05

1373 DL 3.56E+05 pg/mnL 3.60E+05 gg/mL 3.58E+05 gg/mL
_______ ____ __________ _____________(2.50E+05 cg/g)3

2490 98:2 A 2.20E+05 2.48E+05 2.34E+055

1427 DL 2.71E+05 pg/mL 2.73E+05 pg/mL 2.72E+05 gg/mL
.(1.90E+05 pg/g)

2491 C 1.12E+05 l.94E+05 1.53E+055

2492 D 2.29E+05 1.61E+05 1.95E+055

2493 98:3 A 1.29E+05 1.52E+05 l.40E+055

1430 DL 2.54E+05 pg/mL 2.51E+05 pg/mL 2.52E+05 pg/mL
______ ___________(1.77E+05 51g/g)

2494 C 1.02E+05 1.48E+05 1.25E+055

2495 D 1.39E+05 l.OLE+05 1.20E+055

2496 98:4 A 69,400 58,300 63,8005

2497 B 37,700 52,800 45,200t
2498 C 63,100 62,500 62,800

3707 1) 50,500 51,000 50,700
7941 99:1 Whole 55,000 67,000 61,0000'

>1
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Table A-49. Tank 241-BY-108 Analytical Results: Nitrate (3 sheets).

bee e.......... .... ...
.......... ..... . ...... .....................Simple~ ~ ...rt .n ..... MR_ _ _ _ _ . . . .. Asv e w~

7942 99:2 A 5.90E+05 6. 1OE+05 6.01+05 Cont'd Cont'd Cont'd
7932 DL 2.30E+05 pg/mL 2.36E+05 gg/mL 2.33E+05 pg/mL

I_ I (1.63E+05 pg/g)
7943 D 2.47E+05 2.54E+05 2.51E+05

7944 99:3 A 2.35E+05 3.29E+05 2.82E+055

7935 DL 2.04E+05 pg/mL 2.26E+05 pg/mL 2.15E+05 pg/mL
I_ _(1.50E+05 psg/g)

7945 99:4 A 1.01E+05 1.97E+05 1.49E+05'

7946 B 69,000 65,000 67,000
7947 C 54,000 53,000 53,500
7948 D 50,000 42,000 46,000

2536 104:1 Whole 5.65E+05 3.78E+05 4.72E+053'

2558 104:2 A 3.75E+05 5.15E+05 4.45E+05'

2559 B 1.63E+05 1.75E+05 1.69E+05

2560 C 1.85E+05 2.15E+05 2.00E+05'

2561 104:3 A 2.24E+05 1.99E+05 2.12E+05

2562 C 1.50E+05 94,900 1.22E+05

2563 D 2.41E+05 2.22E+05 2.32E+05

2564 104:4 A 2.02E+05 2.40E+05 2.21E+05'

2565 C 1.52E+05 1.38E+05 1.45E+05

2566 D 1.30E+05 1.24E+05 1.27E+05

'0
A
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Table A-49. Tank 241-BY-108 Analytical Results: Nitrate (3 sheets).

p C.........R.slt D. e M..sa4 cu./ ,g/g * ,/g _g/g% k

2568 104:5 A 1.19E+05 1.26E+05 1.22E+05 Cont'd Cont'd Cont'd

2569 B 1.16E+05 1.15E+05 1.16E+05

2570 C 1.11E+05 1.09E+05 1.10E+05

2571 D 91,200 1.11E+05 1.01E+053

so
LJi



Table A-50. Tank 241-BY-108 Analytical Results: Nitrite (3 sheets).

... ..:.. R s Di.r t I.S .?........ ..

t g/g 1g/g g/ pg/g % kg
2484 98:1 Whole 17,000 21,700 19,40(9 27,300 13.0 35,500
1373 DL 90,900 sg/mL 91,500 gg/mL 91,200 pg/mL

______ _______(63,800 jtg/g)9
2490 98:2 A 21,900 21,200 21,600

1427 DL 70,900 pg/mL 72,400 pg/mL 71,600 gg/mL
_______(50,100 pg/g)

2491 C 23,500 23,800 23,600

2492 D 32,600 31,900 32,200

2493 98:3 A 25,200 29,900 27,60(9

1430 DL 73,800 pg/mL 72,000 pg/mL 72,900 gg/mL
____ __ _ ____ ____ ___(51,000 pg/g)

2494 C 23,700 34,700 29,2009

2495 D 31,300 25,200 28,2005

2496 98:4 A 37,200 30,800 34,00(9

2497 B 26,100 36,400 31,20(9

2498 C 48,400 48,600 48,500

3707 D 42,900 44,300 43,600

7941 99:1 Whole 8,000 8,200 8,10(9

V
ON

a
U,
U)
U)

Ct

C



Table A-50. Tank 241-BY-108 Analytical Results: Nitrite (3 sheets).

-..... .- - .£ample Csre Sgn. Result ODupicat Ma OwerS RtSD P'reed
.................. (m e..) ...ntory

Nu..r..../g p./. .. /g/g / I -g _%k

7942

7932

7943

99:2 A 12,400 11,300 11,900

DL 57,100 pg/mL 56,300 pg/mL 56,700 pg/mL
I (39,700 pg/g)

D 20,800 19,300 20,100

7944 99:3 A 20,300 17,700 19,0005

7935 DL 60,500 pg/mL 61,100 pg/mL 60,800 gg/mL
(42,500 pg/g)

7945 99:4 A 35,000 31,000 33,000

7946 B 48,000 44,000 46,000

7947 C 42,000 43,000 42,500

7948 D 40,000 34,000 37,000

2536 104:1 Whole < 1,320 3,740 2,530'

2558 104:2 A 12,000 7,240 9,6205

2559 B 17,600 17,700 17,600

2560 C 20,900 19,500 20,200

2561 104:3 A 22,500 22,700 22,600

2562 C 21,400 14,800 18,1005

2563 D 21,000 22,300 21,600

2564

2565

2566

104:4 A 22,700 26,400 24,600'

C 31,000 130,700 130,800

138,800

Cont'd Cont'd Cont'd

-J

D 40,000 39,400'



Table A-50. Tank 241-BY-108 Analytical Results: Nitrite (3 sheets).

Samwh Core: Sub. ReuSDp.at enOeal S rjce
MMean (muin) anuent-ry

2568 104:5 A 33,400 36,000 34,700 Cont'd Cont'd Cont'd

2569 B 46,700 50,700 48,700

2570 C 55,400 53,500 54,400

2571 D 46,500 46,500 46,5003

00



Table A-51. Tank 241-BY-108 Analytical Results: Oxalate (2 sheets).

Sampe Ctars: Su ResuI DrepD kU' e Meed

gg/g pg/g........ /. ./ g

2484 98:1 Whole 5,410 4,610 5,0105 7,500 11.4 9,750

1373 DL < 5,060 pg/mL < 5,060 yg/mL < 5,060 pg/mL
1_ _(3,540 pg/g)

2490 98:2 A 8,030 8,160 8,090

1427 DL < 5,060 pg/mL < 5,060 pg/mL < 5,060 pg/mL
(3,540 pg/g)

2491 C 12,800 15,100 14,000

2492 D 19,700 19,100 19,400

2493 98:3 A 9,930 10,600 10,300

1430 DL < 5,060 pg/mL < 5,060 mg/mL < 5,060 pg/mL
(3,540 jig/g)

2494 C 6,900 7,700 7,300'

2495 D 3,020 3,040 3,0302

2496 98:4 A < 709 1,940 1,3202

2497 B 27,900 3,610 15,8005

2498 C 2,510 2,520 2,520

D 983.1 562.0 7735

2536 104:1 Whole 5,840 8,180 7,0103,'

2558 104:2 A 10,300 7,210 8,760

2559 B 15,200 14,700 15,000

2560 C 10,900 10,600 10,800

\b
\0



Table A-51. Tank 241-BY-108 Analytical Results: Oxalate (2 sheets).

Se... .............................. _ _

__/__ ___/_ g/ % kg
2561 104:3 A 8,070 8,410 8,240 Cont'd Cont'd Cont'd

2562 C 4,870 3,310 4,0905

2563 D 11,100 11,100 11,100

2564 104:4 A 12,600 12,600 12,600

2565 C 7,240 6,960 7,100

2566 D 4,090 3,530 3,8105

2568 104:5 A 2,810 2,650 2,7305

2569 B 24,700 < 6,520 15,600

2570 C < 7,805 < 7,360 < 7,580

2571D 1,170 1,910 1,54025

a
U'
U)
U)

Ct

C

0



Tank 241-BY-108 Analytical Results: Phosphate (2 sheets).

Sample ort: Sub. Resut DNptate M Ovral Rmen) Proeted
Numer &se amet /g____..g/gpgg ___% Iwar kg

98:1 Whole

DL

8,210

< 6,080 pg/mL

10,000

< 6,080 gg/mL

9,1105
< 6,080 pg/mL
(4,250 pg/g)

2490 98:2 A 11,700 4,470 8,10W

1427 DL < 6,080 pg/mL < 6,080 gg/mL < 6,080 pg/mL
(4,250 pg/g)

2491 C 14,500 16,100 15,300
2492 D 17,100 5,690 11,4005
2493 98:3 A 6,230 10,900 8,5605
1430 DL < 6,080 pg/mL < 6,080 pg/mL < 6,080 pg/mL

1_ (4,250 pg/g)
2494 C 20,500 9,740 15,1005
2495 D 3,440 46,100 24,80
2496 98:4 A 22,800 64,300 43,60(W

2497 B 8,120 39,600 23,90(

2498 C 36,600 40,800 38,7W0 _

3707 D 58,500 53,800 56,2002
7941 99:1 Whole 63,000 52,000 57,50-

99:2 A 2,200 2,100 2,150

26,000 24.0 33,800

DL 700 pg/mL 1700 g/mL 700 pg/mL
I (490 pg/g)

14,100
I I L.

l.A
I-.)

a

0

2484

1373

C

7942

7932

7943

Table A-52.

D 13,80013,500



Table A-52. Tank 241-BY-108 Analytical Results: Phosphate (2 sheets).

&w.ple sa. scet' Dpicate ... rjctdNumber Segament splat (-a __vetr

___ _ ___ __ _ _/g___ _g/_ __ __ g/g _ __g/g %_ kg'
99:3 A

DL1-
7,600

1,300 pg/mL

9,700

1,300 pg/mL

8,650'

1,300,pg/mL
(909 Ag/g)

7945 99:4 A 19,700 13,400 16,600
7946 B 32,000 46,000 39,0005
7947 C 60,000 67,000 63,5005
7948 D 79,000 78,000 78,500
2536 104:1 Whole 50,800 98,800 74,800'
2558 104:2 A < 7,830 < 3,330 < 5,580
2559 B 23,100 9,010 16,1005
2560 C 8,630 5,650 7,1405
2561 104:3 A 9,700 9,970 9,840
2562 C 8,110 67,200 37,7005
2563 D 10,200 8,180 9,19Y
2564 104:4 A 31,100 33,300 32,200
2565 C 23,300 22,900 23,100
2566 D 6,280 3,540 4,9105

104:5 A 10,300 11,600 11,00(

28,300

B < 15,710 < 18,400 < 17,100
C < 22,000 < 20,700 < 21,400

Cont'd Cont'd Cont'd7944

7935

CD

2568

2569

2570

2571 ID 27,900 28,100



Table A-53. Tank 241-BY-108 Analytical Results: Sulfate (2 sheets).

IAQA
Sample C)ii± ~Snb.. Resut Duplicate Mea VUfl sr N'*SS
Nuwbr Segent semt ---- - -_e_) vetr

____ opf ~ ggg ~ _______ % _ kg-2484_ __ _
6,6U

< 6,920 pg/nL

7, o0

< 6,920 pg/mL

6,21W

< 6,920 pg/mL
(4,840 pg/g)

2490 98:2 A 11,600 11,600 11,600
1427 DL < 6,920 pg/mL < 6,920 pg/mL < 6,920 pg/mL

(4,840 pg/g)
2491 C 39,900 22,000 30,9005
2492 D 30,700 59,400 45,OOW
2493 98:3 A 43,000 50,700 46,8005
1430 DL < 6,920 pg/mL < 6,920 pg/mL < 6,920 pg/mL

1_ _(4,840 pg/g)
2494 C 56,700 62,700 59,70W
2495 D 130,000 117,000 124,0005
2496 98:4 A 41,000 29,700 35,400
2497 B 1.50E+05 12,400 81,200"
2498 C 6,380 7,060 6,720'
3707 D 4,480 12,000 8,4205
7941 99:1 Whole 1,300 1,100 1,20056

900 900 900
DL 1,100 pg/mL 1,000 pg/mL 1,100 pg/mL

(734 Ag/g)
9,800 9,500 9,650

I ________ I _________________ I ________________ I. ________________ I __________ I _______ ___________

90. L

1373
VIIUI

DL
23,400 27.9

I-

0
U)

30,400

99:2 A7942
7932

7943

6,

ID



Table A-53. Tank 241-BY-108 Analytical Results: Sulfate (2 sheets).

...... _____ _ .... . Men e4j~Ive
-0,i .1#te ._ _ .__ .t i .i -...

19,600
1,600 ug/mL

15,40

1,600 fg/mL

17,5005

1,600 ug/mL
(1,120 pg/g)

7945 99:4 A 57,800 21,400 39,6005
7946 B 6,000 4,000 5,000,
7947 C 15,000 17,000 16,000'
7948 D 21,000 9,000 15,000
2536 104:1 Whole < 1,680 5,840 3,76('
2558 104:2 A 15,100 10,100 12,6005
2559 B 19,800 19,800 19,800
2560 C 18,000 16,400 17,200
2561 104:3 A 11,300 12,000 11,600
2562 C 8,990 5,880 7,440'
2563 1D 27,900 29,000 28,400
2564 104:4 A 25,700 29,300 27,5005
2565 C 48,600 48,500 48,600
2566 D 86,400 88,000 87,200

104:5 A 1. 16E+05 1.03E+05 1.1OE+05
B 34,200 128,900 131,6005
C 25,300 124,400 24,800

Cont'd Cont'd Cont'd

L I I L
2,600 2,7805

7944
7935

2568
2569

2570

2571

99:3 A
DL

D 2,960



Tank 241-BY-108 Analytical Results: Americium-241.

Sample Core: Sub- ReutDulct Mean Amon hwsu
Nmber Sgmtsmet ..... .... .. ......

7941 99:1 Whole < 0.03 0.116 0.07 < 0.187 N/A < 243
7942 99:2 A < 0.1 < 0.06 < 0.08
7932 DL < 0.07 pCi/mL < 0.07 pCi/mL < 0.07 MCi/mL

(< 0.05 gCi/g)

7943 D < 0.04 < 0.03 < 0.04
7944 99:3 A < 0.04 < 0.03 < 0.04
7935 DL < 0.07 pCi/mL < 0.07 pCi/mL < 0.07 pCi/mL

(< 0.05 pCi/g)

7945 99:4 A 0.0194 0.0164 0.01795

7946 B < 0.09 0.0320 0.06
7947 C < 0.8 < 0.7 < 0.8
7948 D < I < 2 < 2

0

'a

6'
LA
U)
ta

0

'C

0

Table A-54.



Table A-55. Tank 241-BY-108 Analytical Results: Cesium-134.

Sape S'RsufDulcteM n Omeanl RSD Prrjected
M....ea. (mean) Inventory

pCl/ g pp~t; piC/g % C

7941 99:1 Whole < 0.008 < 0.02 < 0.01 < 0.108 N/A < 140

7942 99:2 A < 0.05 < 0.02 < 0.04

7932 DL < 0.03 pCi/mL < 0.03 pCi/mL < 0.03 pCi/mL
(< 0.0210 pCi/g)

7943 D < 0.008 < 0.009 < 0.009

7944 99:3 A < 0.009 < 0.008 < 0.009

7935 DL < 0.04 pCi/mL < 0.03 pCi/mL < 0.04 pCi/mL
_______(< 0.0280 pCi/g)

7945 99:4 A < 0.005 < 0.004 < 0.005

7946B < 0.02 < 0.02 < 0.02

7947C < 0.4 < 0.4 < 0.4

7948 - D < 0.5 < 0.5 < 0.5

ON



Table A-56. Tank 241-BY-108 Analytical Results: Cesium-137.

-. OnraIIe: ResD DrpokeecMed

.. __/ gCt/g.. Clg j/ %......CI
7941 99:1 Whole 20.2 17.7 19.05 258 77.9 3.35E+05

7942 99:2 A 23.9 33.0 28.556

7932 DL 129 gCi/mL 130 pCi/mL 130 pCi/mL
(90.9 pCi/g)

D 48.2 45.3 46.8

7944 99:3 A 43.4 49.6 46.55

7935 DL 141 pCi/mL 137 MCi/mL 139 pCi/mL
(97.2 pCi/g)

7945 99:4 A 70.5 72.1 71.3

7946 B 113 94.8 i045

7947 C 1,200 1,340 1,270'

7948 D 2,080 2,120 2,100

-4

0
-J

cn

1St
U)
U)

0

0



Table A-57. Tank 241-BY-108 Analytical Results: Cobalt-60.

Sampe Ctt: Sub-Raut Dplicte eanOretall RSD Projected
Sampe Ca St < tek piateMeat (sean) btventoiy

Ch/g p gg pC.g. .% . CE

7941 99:1 Whole 0.00849 < 0.006 0.00725 < 0.00911 N/A < 11.8

7942 99:2 A < 0.02 < 0.003 < 0.01

7932 DL < 0.003 pCi/mL < 0.003 pCi/mL < 0.003 pCi/mL
(< 0.00210 pCi/g)

D 0.00194 0.00283 0.002391

7944 99:3 A 0.00329 0.00230 0.00280

7935 DL < 0.003 pCi/mL < 0.003 pCi/mL < 0.003 gCi/mL
(< 0.002 10 pCi/g)

7945 99:4 A 0.0132 0.00544 0.00932 56

7946 B 0.00621 0.00775 0.00698 6

7947 C < 0.03 < 0.03 < 0.03

7948 D < 0.04 < 0.04 < 0.04

0

65)

t 0

0d



Table A-58. Tank 241-BY-108 Analytical Results: Europium-154.

..C : b .es ...... MWN!

Number Se...t sugm.t .... .... .... .. . .. .. .

7932 99:2 DL < 0.006 pCi/mL < 0.0%6 pCi/mL < 0.006 gC:/mL < 0.0455 N/A <5.
______ ______ ______(< 0.00420 pCi/g)

7935 99:3 DL < 0.007 pCi/mL < 0.007 pCi/mL < 0.007 pCi/miL
_____ _____ ______(< 0.00490 pCi/g)

7945 99:4 A 0.0393 0.0354 0.0374

7946 B 0.0828 0.0620 0.07245

7947C < 0.2 < 0.2 c 0.2

7948D < 0.2 < 0.2 < 0.2

aCa

(A
U)
U)

C,

C



Table A-59. Tank 241-BY-108 Analytical Results: Europium-155.

Sample C s b.sunkate MOrerafl SD PrqJeded
.... (............... M. .. .nntory

7932 99:2 DL < 0.1 pCi/mL < 0.1 pCi/mL < 0.1 pCi/mnL < 0.389 N/A < 506
______ _______(< 0.07 pCi/g)

7935 99:3 DL < 0.1 pCi/mL < 0.1 pCi/mL < 0.1 gCi/mL
______ _______(< 0.07 pCi/g)

7945 99:4 A 0.0383 0.0367 0.0375

7946 B 0.0862 0.0675 0.0769

7947 C <2 <2 <2

7948 D < 2 <2 <2

0



Table A-60. Tank 241-BY-108 Analytical Results: Plutonium-238.

Numbe. &gsuxt ___m__ _. Men (mean) .. n.n..
..... .jC/g .Cg pC/g.. %.... .C.

7941 99:1 Whole 0.021 0.00833 0.0155-6 0.00659 45.7 8.57

7942 99:2 A 0.00122 0.00243 0.001836

7943 D 0.00115 0.00235 0.000693

7944 99:3 A 0.00187 0.00160 0.001745

7945 99:4 A 0.0111 0.00302 0.0070656

7946 B 0.00660 0.00606 0.006336

7947 C 0.00958 0.00754 0.008565

7948 D 0.0123 0.00915 0.0107'



Table A-61. Tank 241-BY-108 Analytical Results: Plutonium-239/240.

Sape noe Su> Result flqikate Ma -vrH RD rjce

..... /. ..... CI pC./.g... .%. Ci
7941 99:1 Whole 0.00597 0.00537 0.005675,6 0.0459 91.5 59.7
7942 99:2 A 3.53E-04 8.28E-04 5.91E-04 6

7943 D 0.00143 9.15E-04 0.001175

7944 99:3 A 0.00336 0.00502 0.004195

7945 99:4 A 0.219 0.109 0.164'

7946 B 0.247 0.194 0.221V
7947 C 0.142 0.137 0.140

7948 D 0.169 0.165 0.167

t-J



Table A-62. Tank 241-BY-108 Analytical Results: Strontium-90.

Sample Care Sujj1  ResIuIt Dulc enOnhrJI ItSD ProJected
Number egment Mgeent(mean) knvntory

p~ig ~ tg ~ tg ~ zg % Ca
7941 99:1 Whole 3.43 2.94 3.l90 143 95.5 1.86E+05
7942 99:2 A 0.260 0.270 0.2656

7943 D 2.94 2.87 2.91

7944 99:3 A 5.32 10.1 7.715

7945 99:4 A 338 369 3542

7946 B 533 376 4555

7947 C 589 662 6265

7948 D 765 856 8ii5

U)



Table A-63. Tank 241-BY-108 Analytical Results: Total Alpha (2 sheets).

Sa.p.e Cn s.. s .Otal D Pjcted
fles Du$cateMean (mean) Inventory

____ ________ pal/ pCl ~g j______ Ct/g % Cl
98:1 Whole 10.00222 0.00371 0.0029736

1405 98:2 A 0.00238 0.00186 0.00212'

1400 C < 0.00263 0.00398 0.00331

1398 D 0.0267 0.0282 0.0275

1480 98:3 A 0.00763 0.00393 0.005785

1481 C < 0.00466 < 0.00593 < 0.00530

1482 D < 0.0206 < 0.0173 < 0.0190

1423 98:4 A < 0.0145 < 0.00736 < 0.0109

1424 B < 0.00747 0.0610 0.0342

1425 C 0.241 0.313 0.2775

1426 D 0.352 0.368 0.360

7941 99:1 Whole 0.0422 0.191 0.1176

7942 99:2 A 0.00186 0.00784 0.00485''

7932 DL 0.00365 pg/mL < 0.0013 gg/mL 0.0025 gg/mL
(0.00175 pg/g)

7943 D 0.00419 0.00280 0.0035W,6

99:3 A

DL

0.00419

< 0.0014 pg/mL

0.0101

< 0.0014 yg/mL

0.00970

< 0.0014 pg/mL
(<9.79E-04 zg/g)

0.0619 43.3 80.5

Ca

CA

CD

0

1391

4..

7944

7935



Table A-63. Tank 241-BY-108 Analytical Results: Total Alpha (2 sheets).

p...st Dupct Oea RSD Pjcted
... Mesg .(mean) aven.ry

p~/gp I pCi/g .. ja/g§% Ci
99:4 A 0.150 0.174

B 0.378 0.282 0.330'

C 0.450 0.293 0.372'

D 0.367 0.302

0.1625

0.3355
2001 104:1 Whole < 6.35E-04 < 0.00151 < 0.001073

2002 104:2 A 0.00366 0.00318 0.00342'

2003 B 0.00474 0.00512 0.00493

2004 C 0.00620 0.00617 0.00619

2005 104:3 A < 0.00330 0.00183 0.00257

2006 C 0.00405 < 0.00469 0.00437

2007 D 0.0186 0.0182 0.01846

2008 104:4 A 0.00214 < 0.00283 0.00249'

2009 C < 0.00466 < 0.00350 < 0.00408

2010 D 17.44E-04 < 9.72E-04 8.58E-04

104:5 A 0.0177 0.0108 0.01433.5,6

B 10.179 0.181 10.180
C [0.266 0.306 10.286

0.390 0.374 0.3824

7945

7946

7947

7948

Cont'd Cont'd

tA

Cont'd

2011

2012

2013

2014

Lit
U'

CD

0

I ______ I



Table A-64. Tank 241-BY-108 Analytical Results: Total Beta.

S a p l .. re ..... R e.l .u ik .e .v 
r l 

.S .P. .e.....dSmpba :~C.or.e Swbw..n MeaL (mean) .... ntr
pCt/g pJi Cy/g pCl/g % CI

7941 99:1 Whole 26.1 22.1 24.1' 549 88.1 7.14E+05

7942 99:2 A 23.9 30.3 27.156

7932 DL 142 pCi/mL 144 pCi/mL 143 pCi/mL
(100 pCi/g)

7943 D 49.4 45.7 47.66

7944 99:3 A 52.3 63.1 57.7'

7935 DL 146 pCi/mL 141 pCi/mL 144 gCi/mL
(101 pCi/g)

7945 99:4 A 737 721 729

7946 B 1,220 841 1,0305

7947 C 2,520 2,710 2,620

7948 D 3,690 3,840 3,770

a.'



Table A-65. Tank 241-BY-108 Analytical Results: Total Carbon.
p.s.n R.SD Projeced

N.n.r.e...sg....... . ......
MI C/g pg C/ .... Cg EEL/g % k C.

7941 99:1 Whole 2,440 2,090 2,2705 8,970 39.6 11,700
7942 99:2 A 2,360 2,460 2,410

7932 DL 9,900 pg/mL 9,500 pg/mL 9,700 yg/mL
(6,780 pg/g)4

79 D 4,830 4,570 4,700

7944 99:3 A 16,700 11,700 14,200'

7935 DL 9,600 pg/mL 9,200 pg/mL 9,400 mg/mL
(6,570 pg/g)

7945 99:4 A 30,100 29,800 30,000

7946 B 19,000 18,800 18,900

7947 C 16,100 15,200 15,700

7948 D 9,190 10,600 9,900

-2
t!rl
LO



Table A-66. Tank 241-BY-108 Analytical Results: Total Inorganid Carbon.

Sape Cr: SsRes.It ~ Dupmcae MeanOvrdtl RSD Projctd
Number Regent se et ........ ....

___C/__pgC/g pg C/gi /gkg C
7941 99:1 Whole 1,150 1,170 1,160 5,340 33.9 6,940
7942 99:2 A 1,470 1,590 1,530
7932 DL 8,500 yg/mL 6,400 pg/mL 7,450 pg/mL

________(5,210 pg/g)35

7943 D 2,340 2,480 2,410

7944 99:3 A 13,100 9,100 11,1005
7935 DL 7,200 pg/mL 8,100 pg/mL 7,650 pg/mL

____ ___ ____ _______ ___ ___ ____ ___ ____ ___ ___ (5,350 pg/g)5

7945 99:4 A 13,600 12,700 13,2003

7946 B 5,090 5,530 5,310
7947 C 10,500 11,000 10,800

7948 D 6,050 6,910 6,4805

00

N
cn

I
'SIww

IC

0



Table A-67. Tank 241-BY-108 Analytical Results: Total Organic Carbon (2 sheets).

s x ,C3: Sb. R Xt ^Oreruli RSD cted
. -..................... .......... Me (mean) .. vet

1390 98:1 Whole 2,330 2,230 2,280 4,480 20.5 5,820
1373 DL 2,640 pg/mL 2,740pg/mL 2,690 pg/mL

(1,880 pg/g)
1404 98:2 A 3,600 3,620 3,610
1427 DL 2,710 gg/mL 2,720 ag/mL 2,720 gg/mL

(1,900 pg/g)
1399 C 5,500 6,030 5,760
1396 D 9,060 9,760 9,410
1431 98:3 A 3,980 4,100 4,040
1430 DL 2,550 pg/mL 2,510 pg/mL 2,530 pg/mL

(1,770 pgfg)
1432 C 3,870 3,720 3,800
1433 D 3,040 3,240 3,140
1419 98:4 A 10,400 12,600 11,500
1420 B 20,900 20,700 20,800
1421 C 5,670 5,870 5,7704
1422 D 3,500 3,370 3,440
7941 99:1 Whole 1,290 920 1,1105
7942 99:2 A 890 870 880
7932 DL 1,400 pg/mL 3,100 pg/mL 2,250 pg/mL

_79_43 _(1,570 pg/g)
7943 D 2,490 2,090 2,29WY

'0

ci,

a
LA
La
U)

Cb

0



Table A-67. Tank 241-BY-108 Analytical Results: Total Organic Carbon (2 sheets).

&Suiple Ccre: Sub.. Rit....Duplkcate Omiert IS Ojte
Nw....t...........t . ...,............ M- (r

7944 99:3 A 3,540 2,670 3,110 Cont'd Cont'd Cont'd
7935 DL 2,400 yg/mL 1,100 pg/mL 1,750 pg/mL

(1,220 pg/g)5
7945 99:4 A 16,500 17,100 16,800
7946 B 13,900 13,300 13,600
7947 C 5,600 4,170 4,890'
7948 D 3,140 3,700 3,4205
1925 104:1 Whole 3,000 2,500 2,7503
1966 104:2 A 2,450 2,380 2,420
1967 B 4,240 4,840 4,540
1968 C 2,810 2,870 2,840
1969 104:3 A 1,990 2,130 2,060
1970 C 1,590 1,480 1,540
1971 D 6,550 6,240 6,400
1972 104:4 A 4,760 4,970 4,860
1973 C 2,300 . 2,810 2,560
1974 D 2,670 2,210 2,440
3173 104:5 A 4,060 4,210 4,140
1976 B 17,200 13,400 15,3005
1977 C 13,600 13,200 13,400
1978 D 7,720 7,580 7,650

I')
0

Ct~

LA
U)
U)

a
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Table A-68. Tank 241-BY-108 Analytical Results: Percent Water (2 sheets).

Sampke .Cre gb. Ret Duplicate Mean Ovrl S rjce
Number S gu t s g t _ .... ......... _..... .re ) ....n . i ... .. .. : . t i o

I% %i %o %I

1373
9:. I vW hole

DL

1. 03

31.90
19. 76

34.04
20.80
32.97

1404 98:2 A 14.64 14.87 14.75
1427 DL 27.11 25.03 26.07
1399 C 43.90 39.74 41.82
1393 D 38.92 36.38 37.65
1396 8.560 9.360 8.960

40.98 44.12 42.55
1431 98:3 A 41.31 38.53 39.92
1430 DL 38.58 39.47 39.02
1432 C 43.77 44.47 44.12
1433 D 34.52 38.56 36.54'
1419 98:4 A 28.88 36.23 32.555

36.64 36.69 36.66
1420 B 35.41 35.81 35.61
1421 C 38.31 39.82 39.06
1422 D 36.49 36.40 36.45
7313 99:1 Whole 32.7 26.1 29.4
7315
7932

7314

99:2 A 7.8 6.6 7.2
DL 152.6 146.7 149.7

I D 17.9 15.5 16.7

27.2 19.3 N/A

4. _____ I _______

C,,
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Table A-68. Tank 241-BY-108 Analytical Results: Percent Water (2 sheets).
N b g s e ................................... O. .... .

_ _ ._... S__ .. ..

7316 99:3 A 14.1 35.0 24.6 Cont'd Cont'd Cont'd
7935 DL 52.1 52.6 52.4
7322 99:4 A 25.8 25.1 25.5
7319 B 35.3 35.9 35.6
7318 C 35.6 36.2 35.9
7317 D 40.6 44.0 42.3
1925 104:1 Whole 24.90 23.78 24.34
1966 104:2 A 20.84 19.25 20.05
1967 B 33.54 29.90 31.725
1968 C 15.40 9.880 12.64'
1969 104:3 A 7.150 7.790 7.470
1970 C 11.12 7.680 9.40W
1971 D 8.070 7.820 7.945
1972 104:4 A 31.01 33.09 32.05
1973 C 41.10 41.13 41.12
1974 D 9.770 8.800 9.2855
1975 104:5 A 9.370 8.980 9.175
1976 B 37.69 35.62 36.66
1977 C 35.50 35.50 35.50
1978 D 32.34 34.59 33.47

t'j
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Table A-69. Tank 241-BY-108 Analytical Results: Undecane (2 sheets).

Sampe Coe: ub.,Reslt Dpliate eanOnera RSD PrjeN d
N u m ber_____ Segm segm ent ...-----. ............. - ... .................. .......... .g/ ./ .. / % kg.

........

95: 1 whole U U U
2290 98:2 A U U U
2291 C 11.8 9.89 10.9
2292 D 46.6 44.4 45.5
2293 98:3 A U U U
2294 C U U U
2295 98:4 A 94.2 88.0 91.1
2296 B 164 124 144
2297 C 102 111 107

2298 D U U U
2338 104:1 Whole U U U
2343 104:2 A U U U
2344 B U U U

2345 C 5.18 4.08 4.63
2346 104:3 A 1.47 1.70 1.59
2347 C 5.01 3.78 4.40

2348 D 32.4 21.2 26.8
2349

2350

2351

104:4 A 9.67

4.99

6.24 7.96

C U U Iu

j3.34 L._____________________________ I _________________ _____________ I ___________________

4.17

23.5 50.8 30.62289

t'-)
La

t~1

tJl
La
La

5
0

3.34



Table A-69. Tank 241-BY-108 Analytical Results: Undecane (2 sheets).

Sampl Core Sub- Resut DupicateMeanOverali RS P ecd
NumberSegmet segent oeam) invetory

Fgg tFg ,g/g' pg/g %kg.
2352 104:5 A 55.9 50.3 53.1 Cont'd 50.8 30.6
2353 B 100 171 136

2354 C 107 186 147

2355 D 8.77 22.1 15.4

I')

a

CD



Table A-70. Tank 241-BY-108 Analytical Results: Tridecane (2 sheets).

sample tare: S .. Resut Du$Ikate Me .n IAerU SU Preted
Number S.m t se e .......-......

_________ Eg /g AD1
% kg

2289 98:1 Whole U U U 71.3 45.2 92.7
2290 98:2 A U U U
2291 C 55.9 47.6 51.8
2292 D 234 178 206
2293 98:3 A 6.81 8.52 7.67
2294 C 2.87 2.96 2.92
2295 98:4 A 233 226 230
2296 B 478 337 4085
2297 C 275 334 305
2298 D 6.07 7.48 6.78
2338 104:1 Whole U U U
2343 104:2 A U U U
2344 B U U U
2345 C 18.4 14.5 16.5
2346 104:3 A 1.07 1.64 1.36
2347 C 13.4 12.5 13.0
2348 D 142 87.1 115
2349 104:4 A 42.3 25.5 33.9
2350 C 2.63 4.44 35.4
2351 D 13.5 9.46 11.5

LAI

tAh
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Table A-70. Tank 241-BY-108 Analytical Results: Tridecane (2 sheets).

Sample Core: Sun. Result Duplicste Ma vrl S rjce
Number~ ~~~~ .e n . eg.e.. -.........

Ag/g ,g/g pg/g *7/g% k
2352 104:5 A 161 142 152 Cont'd Cont'd Cont'd
2353 B 270 452 361
2354 C 325 481 403
2355 D 20.3 55.3 37.8

t~J
0~

C-,

a
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Table A-71. Tank 241-BY-108 Analytical Results: Tetradecane (2 sheets).

SW1pC Con: S, Resault Dulct enOrafi RSD Prejeced
Me_ n (wen) ,nen- rNumb r S gme t s gme t ..- ----- -- - - -... .. ..-.... .... .. .. .....

Him &zmt ,gg -#g *3* kg

2289 98:1 Whole U U U 55.1 41.8 71.6
2290 98:2 A U U U

2291 C 49.6 41.2 45.4

2292 D 196 189 193

2293 98:3 A 7.18 8.80 7.99

2294 C U U U

2295 98:4 A 163 150 157

2296 B 372 214 293'

2297 C 187 228 208

2298 D 4.54 5.39 4.97

2338 104:1 Whole U U U

2343 104:2 A U U U

2344 B U U U

2345 C 14.4 13.2 13.8

2346 104:3 A U U U

2347 C 15.3 12.1 13.7

2348 D 135 95 115

2349 104:4 A 38.7 27.0 32.9

2350 C U U U

2351 D 12.4 10.6 11.5

-J



Table A-71. Tank 241-BY-108 Analytical Results: Tetradecane (2 sheets).

...p...C. Re.t D..c.te M eO e S P
g_,s. eMean (mean) Javntory

____ ~ ~ ~ ~ ..._ 1.... . .. i Ag

235 104:5 A 146 140 143 Cont'd Cont'd Cont'd

2353 B 186 298 242

2354 C 241 360 301

2355 D 12.9 39.9 26.4

00
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Table A-72. Tank 241-BY-108 Analytical Results: Tri-n-butylphosphate (2 sheets).

Sa~pe CLV Sm RwitMean (mean) Inveutwry
/ jig/s ag/s pg/g %. .. kg

2289 98:1 Whole U U U 0.0745 N/A 0.0969

2290 98:2 A U U U

2291 C U U U2

2292 D U U U

2293 98:3 A U U U

2294 C U U U

2295 98:4 A U U U

2296 B U -U U

2297 C U U U

228D U U U

2338 104:1 Whole U U U

2343 104:2 A U U U

2344 B U U U

2345 C U U U

2346 104:3 A U U U

2347 C U U U

238D U U U'

2349 104:4 A U U U

2350 C U U U

2351 D U U U

N)



Table A-72. Tank 241-BY-108 Analytical Results: Tri-n-butylphosphate (2 sheets).

Sahmpie Cure: I.. st ...nc .. ... w

2352 104:5 A 5.97 U 2.99 Cont'd Cont'd Cont'd

2353 B U U U

2354 C U U U'

2355 D U U U1

CD



Table A-73. Tank 241-BY-108 Analytical Results: Pentadecane (2 sheets).

Sampte Core: ub Result OVupIIkItDePMeade

2289 98:1 Whole U U U 22.4 43.5 29.1
2290 98:2 A U U U

2291 C 22.1 18.5 20.3

2292 D 76.7 71.5 74.1

2293 98:3 A U U U

2294 C U U U

2295 98:4 A 69.3 61.3 65.3
2296 B 108 80.7 94.4

2297 C 57.3 105 81.2

2298 D U U U

2338 104:1 Whole U U U

2343 104:2 A U U U

2344 B U U U

2345 C 7.64 6.11 6.88

2346 104:3 A U U U

2347 C 6.32 4.44 5.38

2348 D 60.0 31.1 45.6

U)
-a

9
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Table A-73. Tank 241-BY-108 Analytical Results: Pentadecane (2 sheets).

Sample Core: Sit- 'Resmit DPtikte MenOmean iRSD Projected
Nwuber Se~et ...........................Nun~~~~~~ber ~ .. ...an .. .. n en ( en n etr

2349 104:4 A 17.5 10.2 13.9 Cont'd Cont'd Cont'd
2350 C U U U

2351 D 8.03 5.60 6.82

2352 104:5 A 106 105 106

2353 B 83.6 131 107

2354 C 93.4 129 111

2355 D U 13.4 6.70

I-.)
t~J 1)1

La)
La)
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Table A-74. Tank 241-BY-108 Analytical Results: Nonane (2 sheets).

Sampl Crt Sr ReOuet D 0pItcatNjMead
.. ......... g.........

2289 98:1 Whole U U U 0.988 N/A 1.28
2290 98:2 A U U U

2291 C U U U2

2292 D U U U

2293 98:3 A U U U

2294 C U U U2

2295 98:4 A U U U

2296 B U U U1

2297 C 12.2 11.6 11.9

2298 D U U U

2338 104:1 Whole U U U

2343 104:2 A U U U

2344 B U U U

2345 C U U U

2346 104:3 A U U U

2347 C U U U

2348 D U U U1

2349 104:4 A U U U

2350 C U U U

2351 D U U U

U)
U)



Table A-74. Tank 241-BY-108 Analytical Results: Nonane (2 sheets).

Mg M" %.... kfgwy

2352 104:5 A 6.54 5.56 6.05 Cont'd Cont'd Cont'd
2353 B U U U

2354 C 11.9 25.0 18.5'
2355 D U U U1

U).r~. U)

U)

0

0



Table A-75. Tank 241-BY-108 Analytical Results: Dodecane (2 sheets).

Sanple -Care: Sub-......Resut DiipflcateM n Mven Rwn Prtented
Number ..

___ ___ ___pgfgg 4/ ng/g 7%. kg
2289 98:1 Whole U U U 58.8 48.4 76.4
2290 98:2 A U U U

2291 C 39.4 30.1 34.8

2292 D 140 133 137

2293 98:3 A 7.14 9.47 8.31

2294 C U U U

2295 98:4 A 214 201 208

2296 B 397 293 345

2297 C 255 270 263

2298 D 7.08 7.92 7.50

2338 104:1 Whole U U U

2343 104:2 A U U U
2344 B U U U

2345 C 13.6 10.7 12.2

2346 104:3 A 1.90 1.64 1.77

2347 C 14.0 9.25 23.3

D 92.5 57.3 74.9

2349 104:4 A 25.0 18.3 21.7

2350 C U U U

2351 D 11.3 9.49 10.4

LA3



Table A-75. Tank 241-BY-108 Analytical Results: Dodecane (2 sheets).

Sape Cr: f eut Dulct enOmert l SD Ptjected
__........ .__Mean (mean) kmtry

2352 104:5 A 129 125 127 Cont'd Cont'd Cont'd

2353 B 241 405 323

2354 C 285 425 355

2355 D 20.0 53.1 36.6

t.3a'
t?11
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Table A-76. Tank 241-BY-108 Analytical Results: Decane (2 sheets).

N itber g segmen ~. ..... .. a... .. .
/0 % k

N_ _ _ _ __ _p / __ _ _ _ _ _ _ _ _

98:1 Whole U U U
2290 98:2 A U U U
2291 C U U U
2292 D 10.2 9.31 9.76
2293 98:3 A U U U
2294 C U U U
2295 98:4 A U U U
2296 B U U U
2297 C 28.1 29.3 28.7
2298 D U U U
2338 104:1 Whole U U U
2343 104:2 A U U U
2344 B U U U
2345 C U U U
2346 104:3 A U U U
2347 C U U U
2348 D U U U

2349

2350

2351

104:4 A U U U

C _U U U

D IU

3.42 N/A 4.45

I _ __ _ I [__ __ _ _ _

U)
-.3

C,,
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U)
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Table A-76. Tank 241-BY-108 Analytical Results: Decane (2 sheets).

.SampMe Corca Sb. Resutt DOp&Mcte Me, Overau RSD: PrnjecedMea (man knntry'N um ber ..... s-... - .. . . ...........
Agg g/ p/g-gg %4 kg

2352 104:5 A 13.9 13.6 13.8 Cont'd Cont'd Cont'd
2353 B 25.5 42.8 34.2

2354 C 26.8 46.0 36.4

2355 D U U U

(.3
00

CD
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APPENDIX B

SAMPLE ANALYSIS AND PROCEDURES
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B.1 INTRODUCTION

For a brief discussion of the analyses performed by 222-S Laboratory of the Westinghouse
Hanford Company and 325 facilities of the Pacific Northwest National Laboratory (see
Section 3.3). Appendix B discusses each analysis in more detail. The 222-S Laboratory
analyzed core 98 and 104; the 325 facilities analyzed core 99. There are brief descriptions
of the analyses, problems encountered, and a list of the quality control tests used. Table B-1
lists all samples; the core, segment, and segment portion from which the samples were taken;
and the analyses performed on the sample. Tables B-2 and B-3 lists the procedure titles and
numbers used for each analysis.

B.2 SAMPLE ANALYSES

B.2.1 Westinghouse Hanford Company 222-S Laboratory (Cores 98 and 104)

B.2.1.1 Thermodynamic Analysis and DSC. Thermodynamic Analysis (TGA) measures
the rate of mass loss of a sample subjected to a constant rate of temperature increase. It
measures thermal decomposition temperatures, water content, and reaction temperatures.
DSC measures the heat released or absorbed by a sample while the temperature of the sample
is increased at a constant rate. Data generated by DSC analyses are often used to measure
thermal decomposition temperatures, heats of reaction, reaction temperatures, melting points,
and solid-solid transition temperatures.

TGA and DSC analyses were performed directly on homogenized samples. Quality control
included duplicates and standards. Both analyses were performed under a nitrogen purge
using one of the following instruments: Perkin-Elmerm or MettlerO.

B.2.1.2 Metals. Total metals were measured by inductively coupled plasma/atomic
emission spectrometry. The samples were prepared using an acid digestion. Quality control
tests included duplicate samples, blanks, spikes, and standard recoveries.

B.2.1.3 Anions. Concentrations of selected ions were measured on water-leached samples
using ion chromatography.

B.2.1.4 Cyanide. Cyanide analyses were performed on all solid samples using
microdistillation and coulometry. Samples were prepared for analysis by dissolution in
ethylenediaminetetraacetic (EDTA) acid. Quality control tests included blanks, spikes,
standards, and duplicate analyses.

B-3
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B.2.1.5 Total Organic Carbon. Analyses for TOC were performed on all samples using
the persulfate/coulometry method. Quality control tests included blanks, spikes, standards,
and duplicate analyses. Total organic carbon may include some of the cyanide, but will not
include aliphatic hydrocarbons.

B.2.1.6 Total Alpha Analysis. Total alpha analyses were performed on fused samples
using an alpha proportional counter. Two fusions were prepared for each sample to obtain

- duplicate results. Quality control tests included blanks, duplicates, standards, and spikes.

B.2.1.7 Organic Compounds. Analyses were performed using the flame ionization
detector/gas chromatograph method to measure the specific organic compounds in the waste.
Quality control tests included method blanks and matrix spikes.

B.2.2 Pacific Northwest National Laboratory 325 Laboratory (Core 99)

B.2.2.1 Thermodynamic Analysis and DSC. TGA and DSC analyses were performed
directly on the homogenized waste samples. Both analyses were performed in platinum pans
under a nitrogen purge. Quality control included duplicates and standards.

B.2.2.2 Density. Density measurements were performed on all samples with the exception
of segment 2A which had insufficient sample for an accurate measurement (only 2.5 cm [I
in.] of sample was retrieved). Density measurements were not performed in duplicate
because of the small amount of sample available. Limited sample also prevented the use of
the standard technical procedure. An experimental displacement method using mineral oil
was substituted.

B.2.2.3 Metals. The concentrations of metals were determined by ICP on solid samples
prepared by fusion using potassium hydroxide-potassium nitrate in a nickel crucible or
sodium peroxide-sodium hydroxide in a zirconium crucible. Drainable liquids were prepared
for analysis by digestion in hydrochloric and nitric acids.

Quality control measures included performing the analyses in duplicate with the exception of
the sodium peroxide-sodium hydroxide fused samples from segments 2, 3, and 4. Other
quality control measures used were serial dilution percent difference calculations, blank and
matrix spike recovery determinations, verification and continuing calibrations, and processing
blanks.

B.2.2.4 Anions. Concentrations of selected anions were measured using IC on solid
samples prepared by a water-leach process and on diluted drainable liquid samples.

Quality control measures for the anion analyses included performing the analyses in
duplicate, using leach processing, matrix and blank spikes for the solid samples, and a
dilution blank for drainable liquids.

B-4
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B.2.2.5 Total Cyanide. The cyanide concentrations of the samples from core 99 were
determined by argentometric titration or by colorimeter after preparation of the direct
samples using microdistillation. Initial plans were to argentometrically titrate the
microdistilled samples because high concentrations of cyanide were expected in the waste.
After titrating samples from segment 1 and 2 and finding no appreciable cyanide, colorimetry
was used to analyze the residual from the first samples and the remaining samples.

Quality control measures included duplicate analyses, blank spikes, matrix spikes, and
distillation blanks.

B.2.2.6 Total Inorganic Carbon, Total Organic Carbon, and Total Carbon. Analyses
for carbon were performed directly on the homogenized material from core 99, segment 1
-and quarter segments 2A, 2D, 3A, and 4A through 4D and on dilute solutions of drainable
liquid. Carbon concentrations of waste samples were determined by the hot
persulfate/coulometry method. Diluted drainable liquid solutions were also analyzed using a
UV-catalyzed method.

Quality control measures included duplicate analyses, processing blanks for the drainable
liquids, and matrix spikes for the drainable liquid UV-catalyzed method and for the solid hot
persulfate analyses. Total orgnic carbon may include some of the cyanide, but it will not
include aliphatic hydrocarbons.

B.2.2.7 Total Alpha Activity. Initial analyses of total alpha activity were measured using
scintillation counters. The high beta/gamma content of the samples made high dilutions of
the sample necessary, with subsequent low alpha activity and very long counting times. The
samples contained solid material which attenuated much of the alpha activity, possibly a
result of solids from the fusion flux. Samples were counted with and without a 2 9Pu spike,
and the net plutonium count rates were averaged to obtain a correction factor of 0.722 ± 20
percent to account for the attenuation. The factor was applied uniformly to all fused
samples. Drainable liquid samples, which were prepared by an acid digestion, were not
corrected.

.Quality control measures included duplicate analyses, hot cell blanks, and standard
recoveries.

B.2.2.8 Plutonium Analyses. Plutonium analyses were performed on all fused samples.
(Drainable liquid samples were not analyzed for plutonium.) Samples were counted by alpha
energy analysis following separation.

Standards, blanks, matrix spikes, and duplicate analyses were used as quality control tests.

B.2.2.9 Total Beta Analysis. Total beta analyses were performed on all samples. The
samples were using beta gas flow proportional counters. Quality control tests for the total
beta analysis included blanks and duplicates.

B-5
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B.2.2.10 Strontium-90 Analysis. Strontium-90 analyses were performed on all fused
samples. (Drainable liquids were not analyzed for 9OSr.) Following separation, the samples
were counted using a beta gas flow counter.

Quality control tests consisted of duplicate analyses, matrix spikes, standards, and blanks.

B.2.2.11 Gamma Energy Analysis. Gamma energy analyses were performed on all
samples; counting was performed using germanium gamma detectors.

Quality control tests included duplicate analyses and blanks.

B.2.2.12 Uranium Analysis. Analyses were performed for total uranium using laser
fluorimetry on all fused samples. Quality control tests included standards, blanks, and
duplicates.

B-6
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Table B-1. Summary of Samples and Analyses (7 sheets).'
Segment Quarter Segment JSamphe Nmber2 AnalyseTTT7

Drainable Liquid 1373 TGA(PE), DSC(PE), TOC, ICP, IC
Whole Segment3  1390 TGA(PE), DSC(PE), CN, TOC

1391 Total alpha
1483 ICP
2289 FID/GC
2484 IC

2 A 1404 TGA(PE), DSC(PE), CN, TOC
1405 Total alpha
1484 ICP
2290 FID/GC
2490 IC

C 1399 TGA(M), DSC(M), TOC, CN
1400 Total alpha
1485 ICP
2291 FID/GC
2491 Ic

D 1393 TGA(M)
1396 TGA(PE), TGA(M), DSC(PE), TOC,

CN
1398 Total alpha
1486 ICP
2292 FID/GC
2492 Ic

Drainable Liquid 1427 TGA(PE), DSC(PE)
TOC, ICP, IC

3 A 1431 TGA(M), DSC(M), TOC, CN
1480 Total alpha
1487 ICP
2293 FID/GC

2493 Ic
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Table B-1. Summary of Samples and Analyses (7 sheets).1

Segment Quarter Seg.nt Sample N..bet Ana.yse_
3 (Cont'd) C 1432 TGA(M), DSC(M), TOC, CN

1481 Total alpha
1488 ICP
2294 FIC/GC
2494 IC

D 1433 TGA(M), DSC(M), TOC, CN
1482 Total alpha
1489 ICP
2495 IC

Drainable Liquid 1430 TGA(M), DSC(M), TOC, ICP, IC
1419 TGA(M), TGA(M) Rerun, DSC(M),

DSC(M) Rerun, TOC, CN
1423 Total alpha

1490 ICP
2295 FID/GC

2496 IC
B 1420 TGA(M), DSC(M), DSC(M) Rerun,

TOC, CN
1424 Total alpha

1491 ICP
2296 FID/GC
2497 IC
2639 RSST

C 1421 TGA(M), DSC(M), TOC, CN
1425 Total alpha

1492 ICP
2297 FID/GC

2498 IC

D 1422 TGA(M), DSC(M), TOC, CN
1426 Total alpha

1493 ICP
2298 FID/GC
3707 IC

B-8
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Table B-1. Summary of Samples and Analyses (7 sheets).1

Segment Quarter Spegaet Ssmple Nmi Analysts
CORE I44

Whole Segment 1925 TGA(PE), DSC(PE), TOC, CN
2001 Total alpha

2161 ICP
2338 FID/GC
2536 IC

2 A 1966 TGA(M), DSC(M), TOC, CN
2002 Total alpha
2162 ICP
2343 FID/GC
2558 Ic

B 1967 TGA(M), DSC(M), TOC, CN
2003 Total alpha
2163 ICP
2344 FID/GC
2559 Ic

C 1968 TGA(PE), DSC(PE), TOC, CN
2004 Total alpha
2164 ICP

2345 FID/GC

2560 Ic
3 A 1969 TGA(PE), DSC(PE), TOC, CN

2005 Total alpha

2165 ICP
2346 FID/GC
2561 IC

C 1970 TGA(M), DSC(PE), TOC, CN
2006 Total alpha

2166 ICP
2347 FID/GC

2562 IC
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Table B-1. Summary of Samples and Analyses (7 sheets).'

Sepent Quartr Segmut $amphe NwXibet , Anyse
3 (Cont'd) D 1971 TGA(M), DSC(PE), TOC, CN

2007 Total alpha
2167 ICP
2348 FID/GC
2563 IC

4 A 1972 TGA(M), DSC(M), TOC, CN
2008 Total alpha
2168 ICP
2349 FID/GC
2564 Ic

C 1973 TGA(M), DSC(M), TOC, CN
2009 Total alpha
2169 ICP
2350 FID/GC
2565 IC

D 1974 TGA(PE), DSC(PE), TOC, CN
2010 Total alpha
2170 ICP
2351 FID/GC
2566 IC

5 A 1975 TGA(PE), DSC(PE), CN
2011 Total alpha

2171 ICP
2352 FID/GC
2568 IC
3173 TOC

B 1976 TGA(M), DSC(M), TOC, CN
2012 Total alpha
2172 ICP
2353 FID/GC
2569 IC
3174 RSST
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Table B-1. Summary of Samples and Analyses (7 sheets).'
Segmen Quarttr.Segment iamleNum1W Aayses

5 (Cont'd) C 1977 TGA(M), DSC(M), TOC, CN
2013 Total alpha
2174 ICP
2354 FID/GC
2570 Ic

D 1978 TGA(PE), DSC(PE), TOC, CN
2014 Total alpha
2175 ICP
2355 FID/GC
2571 IC

1 Whole Segment 7313, 7313-2 TGA, DSC, Density4

7941-C, 7941-C2 IC

7941-G, 7941-G2 CN
7941-HiT, KOH-KNO 3 fusion, ICP, Radchem
7941-H2T

7941-J, 7941-J2 TIC, TOC, TC
7941-Ni, 7941-N2 Na20 2-NaOH fusion, ICP

2 Drainable Liquid 7932, 7932-2 TGA, DSC
7397 Density

7932-Al, 7932-A2 HNO3-HCI acid digestion, ICP,
Radchem

7932-C, 7932-C2 IC

7932-G, 7932-G2 CN
7932-J, 7932-J2 TIC, TOC, TC

A 7315, 7315-2 TGA, DSC
7942-C, 7942-C2 IC

7942-G, 7942-G2 CN
7942-Hi, 7942-H2 KOH-KNO 3 fusion, ICP, Radchemn
7942-J, 7942-12 TIC, TOC, TC
7942-Ni, 7942-N2 Na20 2-NaOH fusion, ICP
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Table B-1. Summary of Samples and Analyses (7 sheets).1
Segnent Quarter Segmen. Sszple Nwumbr #ay

2 (Cont'd) D 7314, 7314-2 DSC, TGA, Density
7943-C, 7943-C2 IC
7943-G, 7943-G2 CN
7943-Hi, 7943-112 KOH-KNO3 fusion, ICP, Radchem'
7943-J, 7943-J2 TIC, TOC, TC
7943-N - Na2O2-NaOH fusion, ICP

3 Drainable Liquid 7935, 7935-2 DSC, TGA
7398 Density
7935-Al, 7935-A2 HNO3-HCI acid digestion, ICP,

Radchems
7935-C, 7935-C2 IC
7935-G, 7935-G2 CN
7935-J, 7935-J2 TIC, TOC, TC

A 7316, 7316-2 DSC, TGA, Density
7944-C, 7944-C2 IC
7944-G, 7944-G2 CN
7944-Hi, 7944-H2 KOH-KNO 3 fusion, ICP, Radchem5

7944-J, 7944-J2 TIC, TOC, TC
7944-N Na2O2-NaOH fusion, ICP

4 A 7322, 7322-2 DSC, TGA, Density
7945-C, 7945-C2 IC
7945-G, 7945-G2 CN
7945-Hi, 7945-H2 KOH-KNO 3 fusion, ICP, Radchem
7945-J, 794542 TIC, TOC, TC
7945-Ni Na2O2-NaOH fusion, ICP

B 7319, 7319-2 DSC, TGA, Density
7946-C, 7946-C2 IC
7946-G, 7946-G2 CN
7946-Hi, 7946-H2 KOH-KNO 3 fusion, ICP, Radchem
7946-J, 7946-J2 TIC, TOC, TC
7946-Nl Na2O2-NaOH fusion, ICP
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Table B-1. Summary of Samples and Analyses (7 sheets).)

Segment Quarter Segnt Tample Nu'ber Annauyes
4 (Cont'd) C 7318, 7318-2 DSC, TGA, Density

7947-C, 7947-C2 IC

7947-G, 7947-G2 CN
7947-Hi, 7947-H2 KOH-KNO3 fusion, ICP, Radchem
7947-J, 7947-J2 TIC, TOC, TC
7947-NI Na2O2-NaOH fusion, ICP

D 7317, 7317-2 DSC, TGA, Density
7948-C, 7948-C2 IC
7948-G, 7948-G2 CN
7948-Hi, 7948-H2 KOH-KNO3 fusion, ICP, Radchem5

7948-J, 7948-J2 TIC, TOC, TC
7948-Ni Na2O2-NaOH fusion, ICP

Notes:
CN = cyanide
TC = total carbon
M = Mettler* '

PE = Perkin-Elmer$ 2

'Baldwin 1995a and Silvers et al. 1995.

2Sample numbers for cores 98, 99, and 104 were abbreviated. Sample numbers for cores 98 and 104
(analyzed at 222-S Laboratory) all contain the prefix 'S95T000'. Duplicate samples have the same
number as the originals. Sample numbers for core 99 (analyzed at PNNL) contain the prefix '95-0'.
Additionally, core 99 sample numbers contain a letter-number suffix which identifies the specific
analysis and differentiates the original sample from the duplicate (exceptions are the sample numbers
for the TGA and DSC analyses). These are left on the sample numbers for clarity.

Mhe "whole segment" contains all solids from that particular segment.

4Density measurements were not run in duplicate because of insufficient sample.

5Radchem includes analyses for total alpha, total beta, "Sr, 2
39 '2Pu, gamma energy analysis, and

uranium. Uranium analyses were not performed on the drainable liquid portions of core 99.

Mettler is a registered trademark of Mettler Electronics, Anaheim, California.

Perkins-Elmer is a registered trademark of Perkins Research and Manufacturing Company, Canoga
Park, California.
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Table B-2. Analytical Procedures, Cores 98 and 104.1

...........PrepartIon
Ataysis tsnrment. PrcduePocdr Nme

Energetics by Mettler N/A LA-514-113, Rev. B-1
DSC Perkin-Elmerg LA-514-114, Rev. B-O

Percent Water Mettler N/A LA-560-112, Rev. A-2
by TGA Perkin-Elmer6  LA-514-114, Rev. B-0

Total Alpha Alpha proportional LA-549-141, Rev. D-0 LA-508-101, Rev. D-2
Activity counter

Nickel, lithium Inductively coupled LA-549-141, Rev. D-0 LA-505-151, Rev. A-1
and other metals plasma spectrometer LA-505-158, Rev. A-4
by ICP

Bromide (and Ion chromatograph LA-504-101, Rev. D-0 LA-533-105, Rev.D-0
other anions) by
ICp

Total Organic Coulometer Hot persulfate LA-342-100, Rev. C-O
Carbon oxidation
Cyanide Spectrophotometer Microdistillation LA-695-102, Rev. D-Q
FID/GC Gas chromatograph/ N/A LA-523-437, Rev. A-0

mass spectrometer

Notes:
N/A = Not Available

'Baldwin (1995a).
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Table B-3. Analytical Procedures, Core 99 (2 sheets).'

JnstrwentI ~ ~ n f

Percent Water Thermogravimetric Direct PNL-ALO-508
analysis

Energetics Differential scanning Direct PNL-ALO-508
calorimetry

Density N/A Direct PNL-ALO-501
ICP Inductively coupled KOH-KNO 3 fusion PNL-ALO-211

argon plasma atomic PNL-ALO- 115
emission Na2O2-NaOH fusion
spectrometer PNL-ALO-114

HCl-HNO 3 digestion
PNL-ALO-128

IC Ion chromatograph Water leach PNL-ALO-212
PNL-ALO-103

Cyanide Spectrophotometer Microdistillation PNL-ALO-289
PNL-ALO-285

TIC, TOC, TC Coulometer Direct analysis PNL-ALO-381
Total alpha Scintillation counter KOH-KNO 3 fusion PNL-ALO-420/421

PNL-ALO-115

Na2O2-NaOH fusion
PNL-ALO-114

HCI-HNO3 digestion
PNL-ALO-128

Plutonium Separation and alpha KOH-KNO 3 fusion PNL-ALO-423/422
energy analysis PNL-ALO-115

Na2O-NaOH fusion
PNL-ALO-114

HCI-HNO 3 digestion
PNL-ALO-128

Total beta Beta gas proportional KOH-KNO 3 fusion PNL-ALO-430/431
counting PNL-ALO-115

Na2O2-NaOH fusion
PNL-ALO-114

HCI-HNO3 digestion
PNL-ALO-128

B-15



WHC-SD-WM-ER-533 Rev. 0

Table B-3. Analytical Procedures, Core 99 (2 sheets).'

. ~~~~ ~ ~ ~ ... ... 0 .........

Anaiysls ProcdurT__ e roceureProed_ wNmbr
"Sr Beta gas proportional KOH-KNO 3 fusion PNL-ALO-433/431

counting PNL-ALO-115

Na2O2-NaOH fusion
PNL-ALO-114

Gamma energy Gamma counting KOH-KNO 3 fusion PNL-ALO-450
analysis PNL-ALO-115

Na2O2-NaOH fusion
PNL-ALO-114

HCl-HNO3 digestion
PNL-ALO-128

Note:
'Silvers et al. (1995)

Table B-4. Analytical Procedures for August 1994 Auger Samples.'

'Analyte jnstrument Preparation Procedure Number
Procedure

Organic compounds Gas chromatograph N/A Experimental 2

Total organic carbon Coulometer Persulfate oxidation LA-344-105

Weight percent N/A N/A LA-560-112
water by TGA

Note:
'Campbell et al. 1995a

2Pool and Bean 1994.
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APPENDIX C

DRILL STRING WASH WATER
CONTAMINATION CHECK DATA
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C.1 INTRODUCTION

Appendix C presents the chemical results of the drill string wash water contamination check.
The two analytes added to the drill string wash water as tracers were lithium and bromide.
The analytical results for these two analytes are given in Tables C-1 and C-2, respectively.
Overall means, RSDs, and projected inventories were not calculated for these analytes
because they are not waste constituents.

C.2 ANALYTE TABLE DESCRIPTION

The "Sample Number" column lists the laboratory sample for which the analyte was
t measured Sampling rationale, locations, and descriptions of -sampling events are discussed
in Section 3.0.

Column two describes the core and segment from which each sample was derived. The first
number listed is the core number. It is followed by a colon and the segment number.

Column three contains the name of the segment portion from which the sample was taken.
This can be the entire segment (whole); drainable liquid (DL), or "A", "B", "C", or "D"
describing the top, second, third, or bottom segment portion, respectively. Some segment
portions are repeated in the analyte tables, with the second entry followed by an asterisk.
The asterisk identifies samples from core 99 that were analyzed for metals on a sodium
peroxide-sodium hydroxide fusion.

The "Result" and "Duplicate" columns are self-explanatory. The "Mean" column is the
average of the result and duplicate values. All values, including those below the detection
level (indicating the "less-than" symbol, <), were averaged. The mean was only expressed
as a nondetected value if both sample values were nondetected. The data are listed in
standard notation for values greater than 0.001 and less than 100,000. Values outside these
limits are listed in scientific notation.

The.Result and duplicate values were originally reported to higher significant figures than
shown in the tables. The means were calculated by the laboratory, in a consistent manner,
using these original data. The means may appear to have been rounded up in some cases and
rounded down in others. However, this is strictly because the analytical results are shown in
the tables to only three significant figures, and not because the means were incorrectly
calculated.

Analytic values for drainable liquids, reported by the laboratory in gg/mL, were converted to
units of ug/g for the purposes of calculating the overall means for those analytes. A density
value of 1.43 g/mL was used for the conversion.
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The four QC parameters assessed on the tank 241-BY-108 samples were standards, spikes,
duplicates, and blanks. The QC results for cores 98, 99, and 104 were summarized in
Section 5.1.2. More specific information is provided with each of the following appendix
tables. Sample and duplicate pairs in which any of the QC parameters were outside their
specified limits are footnoted in column 6 with a 1, 2, 3, 4, 5, or 6 as follows:

- "1" indicates that the standard recovery was below the QC limit.

- "2" indicates that the standard recovery was above the QC limit.

- "3" indicates that the spike recovery was below the QC limit.

- "4" indicates that the spike recovery was above the QC limit.

- "5" indicates that the RPD was outside the QC limits.

- "6" indicates that there was some blank contamination.

The QC criteria for lithium and bromide specified in the SAP (Baldwin 1995c) were identical
for all three cores. These criteria are summarized as follows: 90-110 percent recovery for
standards and matrix spikes, ± 10 percent for RPDs, and blanks s 5 percent of the analyte
concentration.
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Table C-i. Tank 241-BY-108 Analytical Results: Lithium (3 sheets).

- Resuet Duipicat Mean___ Mean RtS! Javntmry
Samp6 Cn suo
Number Segnent segment * /f FtU / Ag/g %.k
1483 98:1 Whole 18.42 17.60 18.01 N/A N/A N/
1373 DL < 4.01 pg/mL < 4.01 pg/mL < 4.01 pg/mL

____ _ __ ___ ___ ___(< 2.80 ;sg/g)
1484 98:2 A < 4.84 < 4.84 < 4.84

1427 DL < 4.01 pg/mL < 4.01 pg/mL < 4.01 gg/mL
____ __ ____ ___ ___ ___ ____ ___ (< 2.80 g/fg)

1485 C < 4.975 < 4.803 < 4.890

1486 D -< 4.808 < 4.630 C 4.720

1487 98:3 A < 9.99 < 9.92 < 9.96

1430 DL < 4.01 pg/mL < 4.01 gg/mL < 4.01 pg/mL
____ _ _ ____ ___ __ ____ ___ ___ (< 2.80 pg/g)

1488 C < 9.41 < 9.27 < 9.34

1489 D < 9.72 < 9.65 < 9.69

1490 98:4 A < 9.54 < 9.56 < 9.55
1491 B < 9.67 < 9.68 < 9.68

1492 C < 9.47 < 9.46 < 9.47
1493 D < 10.76 < 10.78 c 10.77

7941 99:1 Whole 109 121 115NA
Whole* 52 80 66g

n
(SI

n

en
CA
C.)
U)

tb
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Table C-1. Tank 241-BY-108 Analytical Results: Lithium (3 sheets).

'< Result Duplicate Mean mean arni Janery

nn*be Segset ~seen 4g1 pg/ g /g n/g k1........... -

99:2 A < 52.08 < 54.10 < 53.09

DL < 3.75 pg/mL < 3.75 pg/mL < 3.75 pg/mL
I (< 2 .62 sg/g)

D 54 49 526

60 60

7944 99:3 A < 49.51 < 42.26 < 45.89

A* 48 --- 48

7935 DL < 3.75 pg/mL < 3.75 pg/mL < 3.75 pg/mL
(< 2.62 pg/g)

7945 99:4 A < 55.71 < 51.20 < 53.46

A* < 57.80 --- < 57.80

7946 B 127 171 1495

B* < 55.71 --- < 55.71

7947 C < 55.10 < 41.52 < 48.31

C* < 57.36 --- < 57.36

7948 D < 60.73 < 68.49 < 64.61

D* < 54.50 --- < 54.50

2161 104:1 Whole 26.51 25.23 25.87

Cont'd Cont'd I Cont'd7942

7932

7943

n
0~



Table C-1. Tank 241-BY-108 Analytical Results: Lithium (3 sheets).

~'Resul Drlct enMa RS hvestwry

NWmbr segmet semn pg/g sgug nl 4 g/ %ikg
2162 104:2 A < 13.52 < 13.55 < 13.54 Cont'd Cont'd Cont'd
2163 B < 13.59 < 15.00 < 14.30
2164 C < 10.57 < 10.25 < 10.41

2165 104:3 A < 10.8 < 10.7 < 10.8
2166 C < 10.6 < 10.2 < 10.4
2167 D < 15.5 < 17.5 < 16.5
2168 104:4 A < 14.9 < 14.9 < 14.9
2169 C < 19.6 < 19.6 < 19.6
2170 D < 9.41 < 9.41 < 9.41
2171 104:5 A < 12.41 < 12.30 < 12.36
2172 B < 10.27 < 9.634 < 9.952
2174 C < 23.74 < 25.93 < 24.84
2175 D < 14.90 < 14.84 < 14.87

Note:
*Na2O2 - NaOH fusion

n
-J

n

'a

til

U'
L.a
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Table C-2. Tank 241-BY-108 Analytical Results: Bromide (2 sheets).

~Sapl Cfr Res..t .pIceMean .er R..

___m onn ___I m__ Mean_ _ __ _ In entrIg / -/ / %-g

98:1 Whole

DL

< 622.9

< 6,450 gg/mL

< 641

< 6,450 pg/mL

< 632

6,450 pg/mL
4,510 pg/g)

2490 98:2 A < 677.6 < 670 < 674

1427 DL < 6,450 pg/mL < 6,450 pg/mL < 6,450 gg/mL
(< 4,510 pug/g)

2491 C < 1,031 < 991 < 1,010

2492 D < 1,245 < 1,180 < 1,210

2493 98:3 A < 1,080 < 973 < 1,030

1430 DL < 6,450 pg/mL < 6,450 pg/mL < 6,450 pg/mL
(< 4,510 pg/g)

2494 C < 461 < 468 < 465

2495 D < 723 < 695 < 709

2496 98:4 A < 850 < 818 < 834

2497 B < 583 < 553 < 568

2498 C < 1,320 < 1,280 < 1,300

3707 D < 521 < 551 < 536

2536 104:1 Whole < 1,550 < 1,550 < 1,5503

104:2 A < 3,330 < 1,420 < 2,380

B I< 2,440 < 2,110 < 2,280

< 1,760

N/A N/A N/A2484

1373

Cn

2558

2559

2560 C < 1,760 < 1,760



Table. C-2. Tank 241-BY-108 Analytical Results: Bromide (2 sheets).

Samjih Cire- S Rsfl Duplicate Mesn aveaoaR

T .. / .. / % ........ .kg

2561 104:3 A < 1,470 < 1,470 < 1,470 Cont'd Cont'd Cont'd

2562 C < 943 < 862 < 903

2563 D < 1,120 < 1,100 < 1,110

2564 104:4 A < 3,370 < 3,610 < 3,490

2565 C < 2,480 < 2,380 < 2,430

2566 D < 342 < 342 < 342

2568 104:5 A < 416 < 416 < 416

2569 B < 6,687 < 7,820 < 7,250

2570 C < 9,364 < 8,830 < 9,100

2571 D < 231 < 231 < 231

n
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APPENDIX D

ANALYTICAL RESULTS FROM AUGUST 1994 AUGER SAMPLES
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D.1 SUMMARY OF RESULTS

As discussed in Section 3.4, auger samples were taken from risers 16 and 17 of tank
241-BY-108. Table D-1 summarizes these results.

Table D-1. August 1994 Auger Sample Analytical Results.'

Analyte or Measurement Result Mean

Examination of drainable No immiscible organic layer N/A
liquids discernible

Organics by gas Normal paraffin hydrocarbons and N/A
chromatograph/flame tributyl phosphate not detected
ionization detector

Weight percent water Riser 16 - 16 weight percent 13 weight percent

Riser 17 upper - 14 weight percent

Riser 17 lower - 6 weight percent

Total organic carbon Riser 16 - 1,200 g/g 875 pg/g

Riser 17 upper - 600 pg/g

Riser 17 lower - 500 pg/g

Note:
'Campbell et al. 1995a.

2Samples labeled as riser 16 originated from riser 1. Samples
labeled as riser 17 originated from riser 12A.
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